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FOREWORD 


Volume  Three  of  this  Final  Technical  Documentary  Report  covers  all  work 
performed  for  the  process  development  for  diborane  production  under  Contract 
AF  33(600)~3S74S  from  September  1957  to  March  1962.  The  manuscript  was 
released  by  the  author  on  IS  June  1962  for  publication  as  an  ASD  Technical 
Documentary  Report. 

This  contract  with  AFNj  Inc.  comprised  of  American  Potash  &  Chemical 
Corporation,  FMC  Corporation,  and  National  Distillers  and  Chemical  Corpora¬ 
tion,  with  main  offices  located  in  Los  Angeles,  California,  was  initiated 
under  Manufacturing  Methods  Project  7-558b,  "High  Energy  Fuels  Project."  It 
was  accomplished  under  the  technical  direction  of  Mr.  Charles  Tanis,  Chemical 
Engineering  Branch,  (ASRCTC),  Manufacturing  Technology  Laboratory,  Aero¬ 
nautical  Systems  Division,  Wright- Patterson  Air  Force  Base,  Ohio. 

Dr.  T.  W.  Clapper  of  American  Potash  &  Chemical  Corporation  was  Project 
Manager.  Others  who  cooperated  in  the  supervision  of  this  project  and  in 
the  preparation  of  the  report  were:  R.  C.  Rhees  and  C.  B.  Armstrong  of 
American  Potash  &  Chemical  Corporation,  J.  A.  Bergantz  of  FMC  Corporation, 
and  D.  Horvitz  of  National  Distillers  and  Chemical  Corporation. 

This  project  has  been  carried  out  as  a  part  of  the  Air  Force  Manufacturing 
Methods  Program.  The  primary  objective  of  the  Air  Force  Manufacturing  Methods 
Program  is  to  develop  on  a  timely  basis  manufacturing  processes,  techniques 
and  equipment  for  use  in  economical  production  of  USAF  materials  and  components. 
This  program  encompasses  the  following  technical  areas: 

Rolled  Sheet,  Forgings,  Extrusions,  Castings,  Fiber  and  Powder  Metallurgy 

Component  Fabrication,  Joining,  Forming,  Materials  Removal 

Fuels,  Lubricants,  Ceramics,  Graphites,  Non-Metallic  Structural  Materials 

Solid  State  Devices,  Passive  Devices,  Thermionic  Devices 

Your  comments  are  solicited  on  the  potentinl  utilization  of  the  informa¬ 
tion  contained  herein  as  applied  to  your  present  or  future  production  programs. 
Suggestions  concerning  additional  Manufacturing  Methods  development  required 
on  this  or  other  subjects  will  be  appreciated. 

Volumes  I,  III,  IV  and  V  of  this  report  are  classified  CONFIDENTIAL  because 
they  disclose  new,  novel  and  unique  methods  of  producing  and  processing  certain 
boron  hydrides. 
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FINAL  REPORT  FOR  HIGH  ENERGY  FUELS  PROJECT 
PROCESS  DEVELOPMENT  FOR  DIBORANE  PRODUCTION 

I 

A  direct  and  economical  process  for  the  manufacture  of  high  purity  diborane 
is  provided  by  the  silver-catalyzed  hydrogenation  of  boron  trichloride  and 
the  disproportionation  of  the  dichloroborane  formed.  Pilot  plant  operating 
data  and  experience  were  accumulated  for  the  design  of  a  large  scale  plant. 

Initially,  two  variations  of  the  sodium  borohydride-boron  trichloride  reaction 
successfully  and  routinely  produced  diborane  in  satisfactory  yield  and  purity 
in  a  total  of  109  prepilot  plant  runs.  Both  methods  first  converted  sodium 
hydride,  made  as  a  mineral  oil  slurry  by  the  hydrogenation  of  metallic  sodium, 
to  sodium  borohydride;  however,  one  method  avoided  the  isolation  of  NaBHj^  and 
utilized  an  in  situ  reaction  with  boron  trichloride  to  produce  diborane.  This 
method  employed  mineral  oil  as  the  primary  vehicle,  thereby  largely  eliminating 
the  costly  solvents  necessary  to  the  earlier  process.  The  by-product  salt  was 
also  more  readily  filtered.  An  average  diborane  purity  of  89  per  cent  and  an 
average  yield  of  7li  per  cent,  based  on  boron  trichloride  consumed,  were  achieved 
in  twenty  consecutive  prepilot  plant  runs.^^ 

A  fifty  pound  per  day  pilot  plant  was  designed,  built  and  operated,  employing 
a  unique  diborane  process  developed  through  laboratory  and  prepilot  plant 
investigations.  This  process  does  not  require  an  active  metal.  Instead,  boron 
trichloride  is  directly  reduced  with  hydrogen  to  form  dichloroborane  in  a 
silver-lined  catalytic  reactor  operating  at  1275°F.  and  250  psig.  The  dichloro¬ 
borane  is  separated,  concentrated,  and  disproportionated  to  form  diborane  in 
conventional  absorption  and  distillation  equipment  of  ordinary  materials  of 
construction.  Important  features  of  the  process  include  a  quick-quench  of  the 
reactor  effluent  to  "freeze"  the  favorable  equilibrium  existing  at  the  higher 
temperature,  and  the  multiple  utilization  of  boron  trichloride  as  an  absorbent 
and  solvent  as  well  as  reactant.  Side  reactions  are  minor.  Pilot  plant 
operations  demonstrated  the  production  of  diborane  and  by-product  anhydrous 
hydrogen  chloride  in  99  per  cent  purity  and  96  per  cent  yields,  and  provided 
the  necessary  data  and  experience  for  a  larger  scale  plant  design. 

«-!»««««**«**«««««««««««««««««««««««««««« 

PUBLICATION  REVIEW 
This  report  has  been  reviewed  and  is  approved . 

FOR  THE  COMMANDER: 

R.  MARSH 
Assistant  Chief 

Manufacturing  Technology  Laboratory 
Directorate  of  Materials  &  Processes 
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lOTRODUCTION 


The  first  practical  methods  for  the  manufacture  of  dlborane  Involved 
the  use  of  one  or  more  active  metals.  Sodium  was  selected  by  AFN,  Inc. 
for  use  in  its  original  dlborane  process.  Proprietary  sodium  technology 
possessed  by  National  Distillers  and  Chemical  Corporation^  one  of  the  AFN 
partners,  would  be  Important  in  the  design  and  operation  of  a  large  scale 
boron  hydrides  plant  requiring  efficient  recovery  of  the  active  metal. 

Thus  the  original  contract  [af  33 (600) -35745]!  with  the  Air  Force 
called  for  (in  part)  AFN's  "study  and  evaluation  of  the  boron  trichloride- 
sodium  borohydrlde  reaction  for  producing  dlborane."  Section  1  of  this 
volume  presents  the  information  gained  in  the  period  September  1957  - 
November  1959  through  prepilot  plant  investigations  and  related  laboratory 
support  activities  devoted  to  the  fulfillment  of  this  objective. 

In  1958,  utilizing  private  funds,  AFN,  Inc.  demonstrated  in  the 
laboratory  that  the  hydrogenation  of  boron  trichloride  to  form  dlchloro- 
borane,  followed  by  the  Tatter's  disproportionation,  was  a  practical 
route  to  dlborane.  The  economic  advantage  of  such  a  direct  process  which 
avoids  the  use  of  an  active  metal  was  obvious.  On  this  basis,  a  contract 
extension  was  granted  to  AFN  for  the  purpose  of  further  evaluating  and 
developing  the  process.  This  work  culminated  in  the  design  and  operation 
of  a  pilot  plant  at  Henderson,  Nevada  and  provided  the  basis  for  the 
design  of  a  large  scale  plant  as  presented  in  Volume  I  of  this  report. 
Section  2  of  this  Volume  III  reports  the  entire  development  program  per¬ 
taining  to  this  new  process  for  diborane  manufacture. 


This  total  report  consists  of  five  (5)  volumes,  viz. 


I. 

(U) 

II. 

(U) 

III. 

(U) 

IV. 

(U) 

V. 

(U) 

Volumes 
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SECTION  ONE  -  SODIUM  ROOTB 


BACKGROUND  INFCTWATION 

The  potential  Importance  of  the  boron  hydrides  as  high  energy  fuels 
prompted  AFN^  Inc.  to  construct  at  Its  own  expense  a  pilot  plant  for 
producing  decaborane.  This  unit,  operated  for  almost  two  years  beginning 
In  early  1957,  provided  a  source  of  practical  knowledge  regarding  dlborane 
generation  by  the  reaction  of  sodium  borohydrlde  with  boron  trichloride: 

3NaBH4  +  BCI3  - »2B2Hg  +  3NaCl 

Ansul  Ether  181  (dimethyl  ether  of  tetraethylene  glycol)  was  used  as  the 
sodium  borohydrlde  solvent  and  reaction  medium. 

In  addition,  a  method  for  producing  sodium  borohydrlde  was  developed 
In  the  laboratories  of  American  Potash  &  Chemical  Corporation,  again  with 
private  funds.  First,  two  processes  were  investigated  for  the  manufac¬ 
ture  of  sodium  hydride  based  on  the  direct  hydrogenation  of  sodium, 
according  to  the  reaction: 


2Na  +  H2 - ^  2NaH 

One  produced  a  dry,  granular  product;  the  other  yielded  a  slurry  In  mineral 
oil.  Yields  and  product  purity  of  approximately  99  per  cent  were  achieved 
by  both  methods. 

Second,  a  sodium  borohydrlde  process  not  dependent  on  the  usual 
extractive  techniques  was  developed.  In  this  process,  sodium  hydride  was 
reacted  with  methyl  borate  In  a  solution  of  tetrahydrofuran  and  excess 
methyl  borate.  The  Insoluble  borohydrlde  was  filtered  from  the  medium, 
sodium  methylate  remaining  In  solution.  The  medium  was  then  neutralised 
with  a  boron  halide  to  produce  the  Insoluble  sodium  halide  and  to 
regenerate  methyl  borate,  bringing  the  solution  back  to  Its  original 
composition. 

The  first  step  Is  represented  as  follows: 

4NaH  +  B(0R)3 - ^NaBH4  +  3NaOR 

where  B(0R)3  Is  a  borate  ester,  methyl  borate  In  this  case. 

The  second  step  proceeds  according  to  the  reaction: 

3NaOR  +  BX3 - -3NaX  +  B(0R)3 

where  X  Is  a  halogen. 
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The  over-all  reaction  Is: 

4NaH  +  BX3 - ♦NaBH^  +  3NaX 

Both  boron  trichloride  and  boron  trlfluorlde  proved  satisfactory  In 
the  regeneration  step  although  each  offered  a  particular  advantage.  The 
former  reagent  Is  the  more  economical,  but  the  latter  produced  a  more 
readily  filtered  salt  In  the  neutralization  step.  Both  results  are  due 
to  the  partial  formation  of  sodium  fluoborate,  rather  than  the  simple 
sodium  fluoride  salt,  when  boron  trlfluorlde  Is  used. 

After  the  laboratory  scale  work  Indicated  the  feasibility  of  this 
process,  a  bench-scale  pilot  plant  was  built  to  gather  more  definitive 
data  for  design  of  the  prepilot  plant.  A  series  of  eighteen  runs, 
utilizing  a  mineral  oil  slurry  of  sodium  hydride  as  feed  material,  demon¬ 
strated  that  sodium  borohydrlde  of  90  to  99  per  cent  purity  and  In  80 
to  90  per  cent  yield  (based  on  sodium  hydride)  could  be  obtained,  A 
design  basis  of  95  per  cent  purity  and  85  per  cent  yield  was  reeoianended. 

These  cODd>lned  activities  produced  the  needed  Information  for  tb* 
original  design  of  the  five  pound  per  day  HBF  prepilot  plant  with  very 
little  additional  Air  Force  sponsored  laboratory  Investigation  being 
required. 

As  the  prepilot  plant  program  developed,  however,  an  Important 
process  Improvement  was  originated.  Laboratory  and  bench-scale 
activities  preceded  the  Incorporation  of  this  process  modification  In 
the  prepilot  plant  and  are  reported  In  this  section. 


SUMMARY 

A  prepilot  plant,  sized  for  the  production  of  five  pounds  per  day 
of  finished  product,  HEF-3,  was  designed  and  constructed  on  the  basis 
of  data  gathered  In  company-sponsored  development  programs.  Twenty 
dlborane  generation  runs  were  completed  In  this  unit.  Dlborane  purity 
averaged  85  per  cent  and  the  yield,  based  on  sodium  borohydrlde  con¬ 
sumed,  averaged  87  per  cent,  substantially  above  the  67  per  cent  used 
for  design  purposes.  Equipment  performance  was  generally  satisfactory. 

Some  difficulty  was  experienced  In  the  preparation  of  crystalline 
sodium  borohydrlde;  sodium  hydride  of  the  highest  quality  was  found  to 
be  essential  to  the  production  of  satisfactory  sodium  borohydrlde. 

Purity  of  the  sodium  borohydrlde  reached  98.6  per  cent  and  yields,  based 
on  sodium  chargedto  the  sodium  hydride  reactors,  achieved  the  design 
figure  of  83.4  per  cent.  Salt  produced  In  boron  trichloride  neutralized 
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batches  was  very  dlfflculc  to  remove  by  filtration^  but  a  satisfactory 
aqueous  separation  method  was  developed.  Salt  was  readily  filtered  from 
batches  neutralized  with  boron  trifluoride. 

A  greatly  simplified  variation  of  the  original  process  was  developed 
in  the  laboratory.  This  method  eliminated  the  methyl  borate- tetrahydro- 
furan  solvent  system  from  the  sodium  borohydride  process  as  well  as  the 
need  for  isolation  of  crystalline  sodium  borohydride.  Instead,  boron 
trichloride  was  reacted  with  sodium  hydride  in  a  medium  of  90  per  cent 
mineral  oil- 10  per  cent  Ansul  Ether  141  to  form  a  slurry  containing  both 
sodium  borohydride  and  salt.  Further  addition  of  boron  trichloride  to 
the  slurry  resulted  in  dlborane  generation. 

The  prepilot  plant  was  modified  to  accomnodate  this  development,  and 
an  additional  89  dlborane  generation  runs  were  completed  with  the  opera¬ 
tion  becoming  routine.  Somewhat  Increased  dlborane  purity  and  yields  «fere 
obtained.  Filtering  characteristics  of  the  by-product  sodium  chloride 
twre  greatly  Improved. 


PRBPILOT  PUNT  DESIGW 

I.  Sodium  Borohydride  Production 

The  mineral  oil  process  for  sodium  borohydride  production  was  adopted 
for  the  prepilot  plant  for  the  following  reasons; 

1.  Dry  sodium  hydride  is  dusty,  pyrophoric  and  presents 
a  serious  fire  hazard  either  alone  or  in  a  mixture 
with  solvents.  On  the  other  hand,  hydride  particles 
protected  by  a  film  of  oil  in  a  mineral  oil-hydride 
slurry  are  relatively  safe  to  handle. 

2.  Hydride  slurries  can  be  handled  as  pumpable  liquids, 
a  definite  processing  advantage  compared  to  handling 
a  dry  powder  in  an  inert  atmosphere. 

3.  The  dry  sodium  hydride  process  was  very  difficult  to 
control  and  required  the  attention  of  a  highly 
skilled  operator.  A  large  scale  plant  would  require 
extensive  and  intricate  instrumentation.  The  mineral 
oil-sodium  process  had  been  used  commercially  and  did 
not  have  these  special  requirements. 

4.  Lower  temperatures  were  used  in  the  mineral  oil  pro¬ 
cess,  200*C  versus  350”C  for  the  dry  process. 
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5.  Lower  hydrogen  presaures  were  used  in  the  mineral  oil 
process,  10  pslg  versus  50  pslg  for  the  dry  process. 

6.  Agitator  shafts  were  easier  to  seal  against  hydrogen 
leaks  In  the  mineral  oil  process  since  oil  could  be 
used  as  a  sealant. 

The  engineering  drawings  In  Appendix  A  Include  Information  pertinent 
to  this  part  of  the  process.  The  general  arrangement  of  equipment,  along 
with  heat  and  material  balances,  are  presented.  Step  I  relates  to  sodium 
hydride  production,  and  Step  11,  to  sodium  borohydrlde.  Prepllot  plant 
equipment  la  pictured  In  Figures  1,  2  and  3. 

Sodium  was  fed  by  gravity  from  a  solld-pak  drum  on  a  stand  above  the 
sodium  hydride  reactor.  Electrical  band  heaters  melted  the  sodium  In  the 
steel  drum.  Hydrogen  was  supplied  from  a  bank  of  230  cubic  foot  cylinders 
located  outside  of  the  Immediate  processing  area,  while  the  mineral  oil 
flowed  by  gravity  Into  the  sodium  hydride  reactor  from  a  100-gallon 
storage  vessel  (T~l),  also  located  outside  the  area. 

A  steel  centrifugal  pump  (P-1)  was  specified  for  the  transfer  of  the 
sodium  hydride- In-oll  dispersion  Into  the  sodium  borohydrlde  reactor. 

A  sodium  hydride  reactor  (R*l)  of  the  following  specifications  was 
selected:  125  gallons,  carbon  steel.  Jacketed,  Internally  baffled  vessel, 
rated  for  Internal  pressure  of  150  pslg  at  300* C;  Premier  6  Inch  diameter 
Type  No.  3400  dlspersator,  10  h.p.  2400  rpm,  agitator  drive,  Aroclor 
(high  temperature  heat  transfer  medium)  to  be  pumped  through  the  Jacket 
to  heat  or  cool  the  reactor  as  required. 

Design  specifications  called  for  operation  of  this  step  basically 
as  a  batch  process  to  obtain  data  and  Information  so  that  a  continuous 
dlspersator  and  hydrogenator  could  be  designed  for  a  large  scale  opera¬ 
tion. 


A  500-gallon  Pfaudler  stainless  steel  Jacketed  reactor  (R~2)  was 
Installed  as  the  principal  reactor  In  the  sodium  borohydrlde  step  of  the 
process.  A  mineral  oil  sealant  was  used  for  the  agitator  double  mechanical 
seal.  Refluxing  and  distillation  was  carried  out  with  a  35  square  foot, 
stainless  steel  condenser  (E-1)  mounted  above  R-2. 

To  minimize  the  fire  hazard,  process  liquors  were  stored  In  vessels 
located  outside  of  the  operating  building.  Two  500-gallon  stainless 
steel  holding  tanks  (T-3  and  T-4)  were  Installed  outside,  but  were  still 
only  ten  feet  from  R-2.  A  75-gallon  stainless  steel  receiver  (T-2)  was 
also  located  outside  for  storage  of  tetrahydrofuran.  This  vessel, 
mounted  above  grade,  received  new  and  distilled  (to  remove  the  stablllzer- 
hydroqulnone)  tetrahydrofuran  In  55-gallon  batches,  as  distillate  from 
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FIGURE  1.  AFN  PREPILOT  PLANT 
SODIUM  HYDRIDE  REACTOR 
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FIGURE  2.  AFN  PREPILOT  PLANT 
SODIUM  BOROHYDRIDE  REACTOR  AND  VACUUM  DRYER 


FIGURE  3.  AFN  PREPILOT  PLANT 
SODIUM  BOROHYDRIDE  CENTRIFUGE 
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R~2.  Hake-up  quantities  required  In  the  process  liquors  were  fed  Into 
R-2  by  gravity. 

The  flow  of  sodium  hydride  Into  R-2  was  checked  by  a  Bowser  "flapper- 
type"  flow  meter.  A  20-gallon  per  minute  stainless  steel  Chempump 
permitted  transfer  of  process  liquors  from  R-2,  and  solvents  from  T-3  and 
T-4. 


A  perforate  basket  centrifuge  designed  for  vacuum  or  pressure  opera¬ 
tion  was  Installed  for  recovery  of  the  sodium  borohydrlde  and  the  sodium 
halide  from  the  process  liquors.  This  unit,  K-3,  was  a  Tolhurst  batch 
"center-slung"  centrifuge,  20  Inch  diameter  with  a  2  h.p.,  two-speed  drive. 
Filtrate  from  the  centrifuge  was  collected  In  a  100-gallon,  horizontal, 
stainless  steel  receiver  (T-22)  and  transferred  by  means  of  a  Chempump 
(P-26). 

Sodium  borohydrlde  was  vacuum  dried  In  a  steam  heated,  carbon  steel 
tray  dryer  (D-1)  In  stainless  steel  trays.  Plant  vacuum  (25"  Hg.)  from 
a  Nash  Hytor  vacuum  pump  was  connected  to  D-1. 

Units  added  during  the  course  of  operations  were  (1)  an  open,  500— 
gallon  tank  for  water  washing  of  recycle  oil,  and  (2)  a  Hllco  Oil  Reclaimer 
for  final  purification  of  the  oil. 


II.  Dlborane  Production 

Sodium  borohydrlde,  as  produced  In  Step  II,  was  dissolved  In  recycle 
Ansul  Ether  181  (DTG)  In  a  100-gallon  stainless  steel  vessel  (T-5).  A 
double  Interlock  feed  hopper  permitted  the  feeding  of  sodium  borohydrlde 
powder  Into  the  processing  system  without  the  Introduction  of  air.  This 
unit  and  other  Items  of  equipment  In  the  dlborane  generating  area  are 
shown  In  Figure  4.  They  were  .preassembled  on  skids  prior  to  being  Inte¬ 
grated  Into  the  prepilot  plant.  The  control  panel  for  this  part  of  the 
operation  Is  shown  In  Figure  5.  Again,  drawings  In  Appendix  A  present 
heat  and  material  balances,  and  show  the  general  arrangement  of  equipment. 
A  propeller  agitator  with  a  double  mechanical  seal  and  DTG  sealant  pro¬ 
vided  agitation  required  to  dissolve  the  borohydrlde  solids.  A  stainless 
steel  Chempump  (P-5)  transferred  the  feed  solution  to  the  dlborane  absorp¬ 
tion  column  (C-2)  and  subsequently  to  the  feed  tank  (T-6). 

T-6,  a  100-gallon  stainless  steel  vessel,  served  as  the  feed  tank  for 
the  borohydrlde  solution  pumped  to  the  dlborane  reactor  (R-3).  A  stain¬ 
less  steel,  Lapp  Pulsafeeder  diaphragm  pump  (P~4)  served  to  pump  the  feed 
liquor  at  a  constant,  controlled  and  metered  rate. 

The  dlborane  generator  (R-3)  was  a  carbon  steel,  water- Jacketed  screw 
conveyor  mounted  directly  above.  T-6  and  the  spent  liquor  tank  (T-7).  In 
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FIGURE  5.  AFN  PREPILOT  PLANT 
CONTROL  PANEL 
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this  unit,  controlled  volumes  of  the  borohydrlde  feed  solution  and  boron 
trichloride  were  Introduced  concurrently  at  one  end  of  the  screw.  The 
dlborane  and  the  suspension  of  sodium  chloride  In  DIG  move  In  parallel 
flow  through  the  entire  length  of  the  reactor.  Dlborane  left  the  unit  as 
gaseous  product,  while  the  spent  liquor  overflowed  from  the  end  plate 
directly  Into  the  receiver. 

Dlborane  leaving  the  reactor  system  passed  through  a  cold  trap  (E~2) 
maintained  at  -60“C  to  -80®C  by  a  solvent-dry  Ice  combination,  which 
removed  small  quantities  of  higher  boiling  Impurities.  The  gas  stream 
was  then  sampled  continuously  to  a  chromatographic  automatic  stream 
analyzer  and  was  ready  for  controlled  feeding  to  the  pyrolysis  section. 

No  attempt  was  made  to  store  dlborane  as  an  Intermediate;  rather  it 
was  fed  to  the  pyrolysis  section  as  fast  as  generated.  However,  the 
spent  liquor  tank  (T-7)  was  an  Integral  part  of  the  generating  system 
and  provided  a  ballast  to  smooth  out  any  minor  variations  In  generating 
rate.  While  the  equipment  was  designed  to  permit  the  continuous  genera¬ 
tion  of  dlborane  over  prolonged  periods  of  time,  the  usual  practice  was 
to  end  the  run  when  the  sodium  borohydrlde  from  a  particular  Step  II 
batch  was  exhausted. 

Process  temperatures  and  pressures  throughout  the  dlborane  generation 
system  were  nominal,  l.e.,  10  to  15  pslg,  30®C  to  50*C. 


III.  Modified  .process 

The  improved  dlborane  process  was  Incorporated  Into  the  pilot  plant 
by  modifying  the  equipment  used  In  the  previous  process  and  by  adding  new 
equipment.  The  flowsheet  for  the  modified  process  Is  presented  in 
Appendix  A  as  Flowsheet  B.  These  changes  and  additions  were  made  to  allow 
operation  of  either  the  previous  or  the  revised  process.  A  description 
of  the  modified  process  follows. 

Sodium  hydride  in  a  25  per  cent  mineral  oil  dispersion,  as  produced 
In  the  sodium  hydride  reactor  (R-1),  was  pumped  Into  the  500- gal Ion 
Pfaudler.  stainless  steel  Jacketed  reactor  (R-2).  Recycle  solution  (Ansul 
Ether  E-lAl  and  mineral  oil)  from  outside  storage  tanks  (T-2,  T-3,  T-4) 
was  Introduced  into  reactor  R-2  to  make  up  the  process  solution.  Addition 
of  boron  trichloride  to  the  reactor  followed.  Manifolding  of  the  boron 
trichloride  supply  was  modified  to  permit  metering  this  material  as  either 
a  gas  or  liquid. 

The  reaction  of  boron  trichloride  with  sodium  hydride  produced  sodium 
borohydrlde  as  a  main  product.  However,  small  quantities  of  dlborane 
could  be  generated  during  this  reaction.  A  back  pressure  regulator  and 
line  venting  the  reactor  R-2  to  the  dlborane  absorption  unit  (T-9)  was 
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added  to  adequately  vent  any  gas  produced.  Because  the  reaction  In  R-2 
was  highly  exothermic  and  cooling  capacity  of  the  reactor  Jacket  was 
Insufficient,  an  auxiliary  water  chiller  (E-35)  with  7.5  tons  of  cooling 
capacity  was  added.  This  chiller  cooled  a  water-methanol  solution  which 
was  pumped  to  the  slurry  chiller  (E-34).  The  slurry  chiller  In  turn 
cooled  the  reaction  slurry  from  R-2.  A  new  slurry  circulating  puaq>  (P-21) 
of  40  gallons  per  minute  capacity  with  double  mechanical  seals  was 
Installed  for  circulation  of  the  alurry  to  the  chiller  and  back  to  the 
reactor  R-2. 

The  sodium  borohydrlde  slurry  was  transferred  to  the  feed  tank  T-5 
for  feeding  Into  the  dlborane  generator  R-3.  A  new  Milton  Roy  fead  pump 
with  double  ball  checks  on  the  Inlet  and  outlet  was  used  to  do  this.  Its 
capacity  was  1  to  10  gallons  per  minute.  To  minimize  plugging  of  the 
slurry  lines,  Jamesbury  ball  valves  were  used  In  the  feed  line  and  pumping 
circuit.  A  graduated  Pyrex  glass  tube  was  used  for  calibration  of  the 
puaiplng  rate.  Boron  trichloride  was  fed  Into  the  dlborane  generator  (R~^3)> 
along  with  the  borohydrlde  slurry,  to  produce  dlborane.  The  spent  slurry 
then  passed  by  gravity  to  the  spent  solution  tank  T-7.  Prom  this  tank, 
the  alurry  was  pumped  to  the  centrifuge  (K-3)  for  filtration.  A  5  h.p., 
40-gallon  per  minute  Peerless  pump  with  double  mechanical  seals  was 
obtained  to  accomplish  this  transfer.  Filtrate  from  the  centrifuge  was 
transferred  to  one  of  the  SOO-gallon  storage  tanks  (T-3  or  T-4)  for 
recycle  and  reprocessing. 

Because  almost  all  the  solutions  pumped  were  slurries  or  dispersions, 
double  mechanical  seals  were  used  to  overcome  sealing  problems.  In  order 
to  keep  the  mechanical  seals  supplied  with  sealant.  Individual  seal  pots 
or  a  central  sealant  distribution  system  could  be  used.  The  previous 
process  used  Individual  seal  pots  because  of  the  necessity  of  using 
several  different  sealant  fluids.  However,  the  new  process  could  be 
operated  with  one  sealant,  mineral  oil,  to  all  but  two  of  the  mechanical 
seals.  An  appreciable  manpower  savings  was  achieved  by  Installing  a 
central  system  which  fed  sealant  to  ten  mechanical  seals  In  a  closed 
system. 

The  major  equipment  of  the  central  sealant  system  consisted  of  a  35 
gallon  carbon  steel  tank  (T-101)  equipped  with  a  tubular  sight  glass,  a 
bronze  15-gallon  per  minute  pump  (P-101),  and  an  In-line  double  pipe  heat 
exchanger  In  the  return  line  to  the  tank.  Flowmeters  on  Individual 
mechanical  seals  were  used  to  detect  abnormal  usage  of  sealant. 
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I.  Sodium  Hydride 

Occaalonally^  batches  of  sodium  hydride  produced  in  the  prepilot 
plant  were  not  of  satisfactory  quality^  often  without  any  apparent  reason. 
These  batches  were  dark  gray  to  black  in  color,  higher  in  viscosity, 
perhaps  gelled,  and  usually  took  up  substantially  leas  than  the  theo-  . 
reCical  amount  of  hydrogen.  Therefore  a  short  laboratory  investigation 
was  undertaken  utilizing  prepilot  plant  raw  materials. 

A  series  of  three  laboratory  runs  were  made  in  glass  equipment 
which  permitted  visual  observation  of  the  reaction  mixture.  The  sodium 
hydride  products  from  both  plant  and  laboratory  scale  operations  were 
compared  visually  and  microscopically. 

Deliberate  steps  were  taken  to  prepare  a  "black  batch"  on  laboratory 
scale  and  the  corresponding  plant  run  also  produced  a  black  product. 
Observation  of  the  laboratory  scale  operation  indicated  that  the  sodium 
dispersion  darkened  at  temperatures  in  excess  of  200*C,  prior  to  the 
Introduction  of  hydrogen. 

On  the  assumption  that  the  oleic  acid  used  was  st  fault,  plant  snd 
laboratory  scale  runs  were  made  without  it.  Both  operations  produced 
products  of  satisfactory  quality. 

Since  small  amounts  of  a  dispersing  agent  were  sometimes  needed  in 
prepilot  plant  batches  to  reduce  the  agitator  load,  it  was  recommended 
that  pure  oleic  acid,  purchased  in  small  containers,  be  substituted  for 
the  technical  grade  oleic  acid  previously  obtained  in  five  gallon  cans. 


II.  Sodium  Borohvdride 

At  the  start  of  the  prepilot  plant  investigation,  several  batches  of 
low  purity,  off'color  sodium  borohydride  were  produced.  This  problem  was 
also  considered  in  the  laboratory. 

Low  purity  borohydride  was  used  to  generate  diborane  in  laboratory 
apparatus.  The  impurities  apparently  did  not  affect  diborane  generation. 

A  substantial  improvement  in  color  was  realized  by  slurrying  carbon 
black  and  Celite  in  a  solution  of  the  borohydride  in  Ansul  Ether  181,  and 
recovering  the  borohydride  solution  by  filtration.  However,  the  rate  of 
filtration  was  extremely  slow. 
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III.  Salt  Separation 

When  boron  trichloride  was  used  Co  neutralize  sodium  methylate  in  Che 
regeneration  step,  a  stable  suspension  of  very  fine,  about  one  micron, 
sodium  chloride  crystals  was  formed.  It  was  not  possible  Co  remove  this 
salt  efficiently  in  Che  prepilot  plant  centrifuge.  The  practice  of 
removing  it  with  a  water  wash  was  not  commercially  feasible  because  Coo 
much  methyl  borate  was  lost  by  reaction  with  Che  water. 

Several  approaches  Co  Che  problem  were  Cried  in  Che  laboratory: 

High  speed  centrifugation 
Particle  size  control 
Addition  of  a  fourth  liquid 
Distillation 
Filtration 

Only  Che  last  two  appeared  to  offer  an  acceptable  solution.  High 
speed  centrifugation  tests  with  Che  De  Laval  Corporation,  Precision 
Scientific  Company,  and  Sharpies  Company  machine  yielded  slurries  with 
unacceptably  low  solids  content  (25%  maximum). 

Attempts  to  control  sodium  chloride  particle  size  by  lowering  reaction 
temperature  and  the  rate  of  boron  trichloride  addition  were  not  successful. 
A  temperature  of  AO”C  produced  no  noticeable  change  in  particle  size. 
Although  a  slight  particle  size  increase  was  obtained  by  lowering  Che  boron 
trichloride  addition  rate,  Che  increase  was  not  sufficient  Co  affect 
filtration  characteristics. 

Flocculation  experiments  were  Cried  with  17  different  agents.  Only 
one  of  these,  TcrgiCol  NP-3S,  produced  an  improvement  in  f ilCerabiliCy. 
Since  it  is  doubtful  that  it  could  be  either  removed  from  Che  system  or 
tolerated  in  Che  recycle  stream,  it  also  was  rejected. 

The  addition  of  a  fourth  liquid,  cyclohexane,  Co  a  partially  distilled 
slurry  made  it  possible  Co  separate  the  salt  by  filtration  and  thus 
increase  Che  recovery  of  solvent.  However,  Che  resulting  mixed  solvent 
would  have  Co  be  processed  Co  remove  Che  cyclohexane. 

A  straight  distillation  of  Che  THF'TMB  fraction  of  Che  neutralized 
medium  was  carried  out  in  a  conventional  distillation  apparatus  equipped 
with  a  stirrer.  The  results  of  this  test  appear  in  Table  1. 

Heat  was  slowly  applied  Co  this  mixture  by  means  of  a  heating  mantle. 
In  a  later  distillation,  Che  mixture  was  heated  rapidly  by  placing  it  in 
an  oil  bath  at  120" C.  The  final  temperature  of  Che  cake  was  105" C.  The 
pot  residue  was  honeycombed  after  nearly  97  per  cent  recovery  of  Che  esti¬ 
mated  THF~TMB  content,  indicating  that  slow  heating  may  allow  collapsing 
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TABLE  1 

Distillation  of  NaCl  Slurry 

Initial  Weight  of  Slurry  538  gms. 
Initial  Volume  600  ml. 

Computed  Volume  of  THF'TMB  486  ml. 


X  Recovery 
THF-TMB 

Temp.  ‘C 
^Bottoms') 

Observations 
of  Pot  Contents 

153 

31.4 

65-66 

Noticeable  thickness 

215 

44.2 

66 

Thick  paste 

251 

41.8 

51.5 

66 

Pores  In  cake 

302 

50.4 

62.2 

66 

Thick  cake  around 
sides 

327 

54.5 

67.4 

68 

354 

59.0 

72.8 

70 

370 

61.7 

76.0 

98 

Agitator  stuck 

387 

64.5 

79.5 

98 

Added  30  ml.  oil 

404 

67.4 

83.0 

120 

Very  slow  take-off 

420 

70.0 

86.4 

160 

425 

71.7 

87.5 

160'" 

Ended  distillation 

of  the  oil" sodium  chloride  residue  to  trap  much  of  the  unrecovered  vola¬ 
tiles  mechanically.  It  should  thus  be  possible^  In  principle  at  least,  to 
recover  nearly  all  of  THF-TMB  from  the  salt  slurry  by  distillation.  However, 
the  prepllot  plant  recoveries  were  only  80  to  90  per  cent  due  to  equipment 
limitations. 

A  successful  filtration  test  was  conducted  at  the  Walterla  Labora¬ 
tory  of  the  Great  Lakes  Carbon  Company  using  a  vacuum  precoat  rotary 
filter  testing  apparatus.  The  test  results  are  as  follows: 


Filter  Aid  (lbs./ 100  gal.) 

3.5 

Drum  Speed  (rpm) 

0.5 

Cut  (Inches) 

0.005 

Cut  (X) 

75 

Filtration  Rate  (gpm/sq.ft.) 

2.0 

Submergence  (X) 

50 

Vacuum  (Inches  Mercury) 

22 
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The  choice  of  precoat  la  critical,  but  with  "Speedflow"  No.  2  or  No.  5, 
a  clear  filtrate  was  obtained,  and  the  filter  cake  contained  45  per  cent  of 
the  mixed  solvent. 

Although  distillation  was  used  for  salt  separation  In  the  prepllot 
plant  as  a  matter  of  expediency,  filtration  would  probably  be  used  In  a 
large  scale  plant.  One  possible  method  for  recovering  solvent  from  the 
filter  cake  Is  heating  the  wet  cake  on  a  bed  of  dried  recycle  salt  In  a 
Jacketed  hollow  screw  conveyor-dryer.  Oil  would  be  recovered  from  the 
dried  cake  by  slurrying  the  cake  In  water,  decanting  the  oil  from  the 
brine,  and  drying  the  decanted  oil. 


IV.  Mineral  Oil  Recovery 

The  recovery  and  recycle  of  mineral  oil  from  the  methyl  borate-tetra- 
hydrofuran  solvent  mixture  required  additional  study.  It  was  determined 
that  atmospheric  distillation  of  the  solvent  away  from  the  mineral  oil 
was  effective  when  aided  by  nitrogen  sparging  during  the  last  stages  of 
distillation.  The  mineral  oil  could  presumably  then  be  cleaned  by  a 
filtering  system  prior  to  reuse. 

Llquld-vapor  equilibrium  data  were  obtained  for  mixtures  of  methyl 
borate  and  tetrahydrofuran.  No  tendency  for  azeotropic  formation  was 
observed,  and  the  components  were  difficult  to  separate  by  ordinary 
distillation.  Data  are  given  In  Table  2  and  are  shown  graphically  In 
Figure  6. 


TABLE  2 

Llquld-Vapor  Data  for  the  System  Methyl  Borate-Tetrahvdrofuran 


K 

a 

1 

Weleht  Per  Cent 

Mole  Per 

pent 

weight  Per  Cent 

Mole  per  Cent _ I 

Sample 

(CH30)3B 

THF 

(CH30)3B 

THF 

(CH30)3B 

THF 

(CH30)3B 

THF 

a 

27.02 

72.98 

20.43 

79.57 

26.08 

73.92 

19.66 

80.34 

H 

50.92 

49.08 

41.85 

58.15 

49.05 

50.95 

40.04 

59.96 

H 

68.17 

31.83 

59.77 

40.23 

63.50 

36.50 

54.69 

45.31 

H 

82.72 

17.28 

76.86 

23.14 

81.37 

18.63 

75.19 

24.81 
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Mole  Per  Cent  (CH2)40  In  Liquid 

Figure  6.  Llquld-Vapor  Equilibrium  Data 
for  the  System  (CH30)2B"  (0112)40 

One  Atmosphere 
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The  degree  of  treatment  required  to  make  the  recovered  mineral  oil 
suitable  for  reuse  was  also  studied.  The  recycle  oil  was  found  to  coritaln 
Impurities  arising  from  cracking  during  the  sodium  hydride  process^  and 
traces  of  tetrahydrofuran  and  water  from  the  boron  trichloride  neutraliza¬ 
tion  step.  These  contaminants  caused  difficulty  In  obtaining  suitable 
sodium  hydride  dispersions  and  pure  sodium  borohydrlde. 

Simple  filtration  through  filter  paper  Improved  the  clarity  of  the 
oil  but  the  filtrate  still  was  colored  and  contained  water  and  tetrahydro¬ 
furan.  By  slurrying  the  oil  with  carbon  black  (3-51  Darco  G~60)  and 
filtering  as  before^  It  was  possible  to  obtain  a  colorless  oil  with  no 
detectable  tetrahydrofuran  and  an  acceptable  water  content.  Oil  processed 
In  this  way  was  found  suitable  for  reuse.  The  analyses  of  the  oils 
obtained  by  filtration  and  filtration  with  carbon  were: 

Simple  Filtration  Filtration  with  Carbon 

1  H2O  0.082  0.027 

Z  THF  0.02  Not  Detected 


V.  Process  Modification 

The  Initial  process  for  producing  dlborane  Involved  the  Isolation  of 
sodium  borohydrlde  In  a  relatively  pure  state  and  possessed  certain  dis¬ 
advantages: 

1.  The  recovery  of  solid  sodium  borohydrlde  was  sometimes 
difficult  and  expensive. 

2.  The  solvents  used,  trimethyl  borate,  tetrahydrofuran, 
and  Ansul  Ether  181,  were  expensive  and  make-up 
requirements  were  substantial. 

3.  Filtration  of  the  sodium  chloride  which  formed  in  the 
solvent  regeneration  step  was  extremely  difficult.  If 
not  Impossible. 

To  eliminate  these  disadvantages,  AFN,  Inc.  developed  an  economical, 
one-step  process  for  the  production  of  dlborane,  based  on  the  direct 
reaction  of  sodium  hydride  and  boron  trichloride.  The  sodium  borohydrlde 
Intermediate  was  used.  In  situ,  according  to  the  following  reactions: 

12NaH  +  3BCI3 - -  3NaBH4  +  9NaCl 

3NaBH4  +  BCI3 - ^28286  +  3NaCl 

The  over-all  reaction  Is  expressed  by: 

6NaH  +  2BCI3 - ^8285  +  6NaCl 
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Laboratory  exparlaeata  danonatrated  that  by  tha  addition  of  boron  trl- 
ehlo^lda  to  a  alurry  of  aodlum  hydrlda  In  a  adxtura  of  nlnaral  oil  and 
Anaul  Etharj  dlborane  ylalda  ranging  from  73  to  82  par  cant  could'  ba 
obtalnad  undar  tha  baat  condltlona.  The  new  procesa  removed  tha  need  for 
laolatlng  and  drying  aodlum  borohydrlda,  and  allmlnatad  tha  uca  of  trl- 
nathyl  borate  and  tetrahydrofuran.  It  alao  offarad  ether  process 
almpllflcatlona. 

Tha  modified  dlborane  proceaa  waa  Inveatlgatad  In  the  laboratory  using 
the  equipment  ehown  In  Figure  7.  The  varlablea  atudlad  ware  addition  of 
ether,  borohydrlde,  fluoride  promotera,  temperature,  rate  and  amount  of 
boron  trichloride  addition,  and  agitation.  The  resulta  are  - auaMrlaad 
In  Tablea  3  through  9. 

In  Kun  Ho.  4  the  path  of  the  reaction  was  followed  by  Infrared  ana lyala 
of  slurry  filtrate  samples  (Figures  8  and  9) .  In  another  run  tt^  off-gaa 
wae  analysed,  alao  by  Infrared  (Figure  10).  These  curvee  Indicated  that 
eodlum  borohydrlde  was  formed  In  the  liquid  phaee  ae  long  ae  sodium 
hydride  was  available  to  react  with  the  boron  trichloride.  Further  addi¬ 
tion  of  boron  trichloride  beyond  this  point  resulted  In  the  acidification 
of  the  sodium  borohydrlde  In  the  solution,  and  the  evolution  of  dlborane. 

Methyl  borate,  methyl  chloride  and  methane  were  Identified  as  aide 
producte.  Poaalbly  they  result  from  the  following  raactlons,  baaed  upon 
the  epllttlng  of  the  ether  by  boron  trichloride; 

ROR*  +  BCI3 - -ROBCI2  +  R*Cl 

R'Cl  +  NaH  -R'H  +  Nad 

ROBCI2  +  2NaH - »(R0BH2)  +  2NaCl 

3(R0BH2) - ►(R0)3B  +  B2Hg 

These  aids  reactions  reaulted  In  a  lose  of  efficiency  and  In  dastruc- 
tlon  of  Anaul  Ether  In  the  reaction  media. 

The  primary  reactions  did  not  proceed  as  outlined  If  Impure  sodium 
hydride  or  boron  trichloride  were  used.  It  was  also  found  that  the  addi¬ 
tions  of  promotors,  such  as  Ansul  Ether  and  sodium  borohydrlde,  were 

required.  The  addition  of  boron  trlfluorlde  or  sodium  fluoborate  were 
also  found  highly  desirable. 
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Figure  7.  Laboratory  Apparatus  -  Modified  Process 
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TABLE  3 

Reaction  Condtttona  -  Modified  Proceas 


■ 

■■■ 

smi 

■ 

■■ 

rrrfim 

■nm 

Reaction 

Addn. 

mm 

E-181 

(*.) 

nfn 

nm 

Theo. 

Temp. 

Rate 

fa./hr.l 

1 

BBI 

90 

100.0 

• 

1.0 

• 

56.7 

80 

• 

2 

Eu 

- 

201.8 

- 

2.0 

- 

55.3 

KSd 

80 

- 

3 

45 

200.0 

2.0 

- 

31.1 

80 

- 

4 

tSm 

- 

946.0 

- 

9.5 

- 

127.0 

110 

80 

- 

5 

30.0 

270 

30.0 

- 

0.3 

- 

50.7 

103 

80 

• 

6 

30.0 

270. 

15.7 

- 

0.2 

- 

52.1 

BIS9 

80 

- 

30.0 

270 

6.3 

- 

0.06 

- 

45.1 

Kl 

80 

- 

30.0 

- 

- 

275.2 

2.8 

- 

52.0 

■mV 

80 

- 

15.0 

- 

278.0 

2.8 

- 

- 

- 

25-48 

- 

30.0 

270 

- 

19.4 

0.19 

- 

48.8 

100 

38-42 

• 

11 

30.0 

270 

16.4 

• 

0.16 

- 

50.3 

103 

80 

- 

12 

30.0 

270 

15.4 

- 

0.15 

- 

46.9 

96 

80 

- 

13 

22.5 

202.5 

31.5 

- 

0.32 

- 

39.8 

100 

80 

- 

19 

24.8 

232 

- 

22.2 

0,40 

0.9 

42.7 

105 

25 

10 

20 

23.1 

227 

- 

22.2 

0.05 

0.1 

39.8 

106 

25 

10 

21 

22.5 

204 

• 

23.0 

0.46 

1.0 

38.3 

104 

25-35 

10 

22 

23.1 

228 

- 

22.5 

0.42 

1.1 

38.3 

101 

25-35 

10 

24 

22.3 

245 

23.9 

- 

0.24 

0.6 

36.2 

100 

25-35 

10 

25 

22.4 

223 

24.4 

- 

0.24 

1.0 

36.4 

100 

25-35 

10 

26 

22.9 

243 

24.7 

- 

0.25 

1.0 

36.2 

100 

25-44 

16.7 

27 

22.5 

228 

24.6 

. 

0.24 

1.0 

36.7 

105 

80-95 

10 

28 

22.3 

- 

- 

- 

- 

1.2 

38.0 

105 

50-55 

10 

29 

23.4 

235.1 

- 

22.5 

0.42 

1.1 

40.4 

105 

50-55 

10 

30 

23.4 

235.1 

22.5 

0.42 

1.1 

40.4 

105 

50-60 

10 

31 

23.4 

235.1 

- 

22.5 

0.42 

1.1 

39.8 

105 

20-35 

10 

32 

23.4 

225.1 

• 

32.4 

0.61 

1.6 

40.5 

105 

20-35 

10 

33 

23.4 

245.1 

- 

14.4 

0.27 

0.7 

40.1 

105 

20-35 

10 

34 

23.4 

235.1 

- 

24.4 

0.38 

40.2 

105 

20-35 

10 

35 

23.4 

235.1 

21.7 

0.41 

1.1 

40.2 

105 

20-35 

15  min. 
at  26 
210  min. 
at  14 

36 

23.4 

235.1 

• 

23.6 

0.36 

1.0 

40.3 

105 

20-35 

10 

“29- 


CONFIDENTIAL 


CONFIDENTIAL 


ASD-TDR-62-1025 
Volume  III  of  V 
June  1962 


TABLE  4 

Analyses  of  Solids  ~  Modified  Process 


Solids  Analyses  ‘ 

Weleht  Per 

:ent _ 

_ meg,  x  10/g. _ 

Moles 

per  Gram 

Nad 

Bavol  85 

NaH 

Boron 

- 

0.36 

0.216 

0.87 

5.67 

0.38 

• 

1.49 

0.24 

4.02 

5.23 

mam 

1.58 

77.08 

- 

1.05 

0.528 

3.31 

15.3 

0.22 

1.11 

- 

75.2 

0.388 

0.168 

1.44 

3.5 

0.07 

0.41 

14.95 

72.6 

0.312 

3.29 

10.9 

6.89 

1.37 

0.33 

97.92 

0.10 

0.747 

0.168 

2.01 

2.60 

0.07 

0.79 

12.34 

- 

- 

5.66 

13.4 

8.27 

2.36 

- 

12 

13 

68.74 

5.28 

2.67 

14.35 

62.6 

13.7 

5.98 

2.82 

19 

- 

11.0 

- 

- 

8.16 

7.87 

0.49 

1.43 

20 

79.5 

2.4 

- 

- 

37.7 

9.49 

3.60 

0.82 

21 

90.8 

• 

0.5 

0.6 

0.92 

8.60 

0.23 

0.52 

22 

85.9 

3.3 

0.7 

3.4 

10.2 

9.30 

1.42 

0.75 

23 

54.6 

3.3 

1.0 

18.6 

48.4 

27.0 

i.n 

1.05 

24 

63.3 

23.5 

2.6 

1.6 

6.11 

14.4 

0.66 

2.75 

25 

77.9 

4.0 

1.4 

1.7 

0.71 

11.0 

0.70 

1.52 

26 

63.4 

17.9 

- 

- 

5.46 

13.4 

0.58 

2.16 

26a 

68.1 

9.5 

- 

- 

11.36 

13.4 

0.38 

1.64 

27 

67.4 

13.2 

1.1 

1.8 

4.61 

13.3 

0.77 

1.22 

28 

53.1 

5.0 

- 

- 

121.9 

23.1 

11.8 

1.0 

29 

78.5 

3.1 

0.6 

6.1 

23.4 

11.5 

2.54 

0.61 

30 

70.5 

3.7 

0.5 

6.0 

20.1 

19.8 

2.50 

0.34 

31 

82.9 

6.3 

1.5 

0.9 

6.0 

11.1 

0.38 

1.73 

32 

83.4 

5.5 

0.9 

0.7 

0.8 

10.9 

0.28 

0.99 

33 

29.2 

3.2 

0.2 

0.4 

213.1 

26.9 

21.5 

0.16 

34 

67.3 

18.9 

2.5 

1.39 

11.5 

0.24 

1.04 

35 

51.1 

2.0 

IH 

3.7 

60.1 

35.1 

8.55 

1.53 

36 

73.7 

13.1 

1.1 

-0.38 

11.2 

0.19 

0.45 
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TABLE  5 

Analvaea  of  Filtrates  and  Dlborane  Yields  -  Modified  Process 


1 

Filtrate  Analyses  ] 

■■H 

Weight  Per  Cent  1 

11 

inn 

Yield 

m 

■JIM 

Boron 

-0.47 

13.8 

- 

1.09 

- 

- 

0.12 

8.0 

- 

nil 

0.66 

- 

- 

nil 

0.37 

96.9 

nil 

nil 

• 

- 

- 

1.65 

2.74 

91.9 

0.81 

0.06 

- 

" 

- 

7.42 

- 

nil 

1.23 

1.19 

7.11 

16.7 

8.34 

- 

2.35 

1.14 

2.21 

4.2 

52.5 

am 

2.18 

• 

0.92 

0.19 

1.15 

5.85 

19.7 

11 

hl3.4 

8.04 

• 

4.74 

nil 

1.17 

5.84 

20.0 

12 

^20.8 

10.9 

84.4 

7.56 

- 

0.83 

5.84 

14.2 

13 

nil 

4.36 

90.0 

nil 

1.75 

5.85 

5.85 

30.0 

19 

si.  acid 

1.01 

4.1 

60.2 

0.02 

0.03 

3.20 

4.97 

64.3 

20 

-0.09 

2.13 

2.9 

92.2 

nil 

0.02 

2.61 

4.48 

57.2 

21 

-0.04 

0.79 

6.2 

90.7 

nil 

0.02 

3.49 

4.41 

79.2 

22 

si.  acid 

0.78 

” 

= 

nil 

0.07 

3.44 

4.64 

74.2 

23 

-0.52 

1.28 

0.2 

97.6 

nil 

0.03 

1.53 

4.09 

37.4 

24 

neutral 

0.26 

3.2 

83.2 

nil 

0.03 

2.4 

4.29 

55.9 

25 

neutral 

0.29 

2.6 

96.8 

nil 

0.03 

3.3 

4.29 

76.0 

26 

neutral 

0.21 

2.7 

- 

nil 

0.03 

2.2 

4.3 

51.2 

27 

neutral 

0.46 

3.3 

92.3 

nil 

0.03 

2.6 

4.31 

60.6 

28 

-11.0 

6.30 

- 

89.4 

4.04 

nil 

0.81 

4.29 

18.9 

29 

neutral 

1.29 

3.7 

89.6 

- 

nil 

2.71 

4.70 

57.6 

30 

-0.30 

1.44 

0.5 

92.9 

• 

0.09 

3.07 

4.70 

65.3 

31 

neutral 

0.66 

7.5 

89.3 

- 

0.03 

3.44 

4.70 

73.2 

32 

neutral 

0.63 

9.2 

86.7 

- 

0.08 

3.61 

4.79 

75.4 

33 

-16.4 

8.7 

0.3 

83.5 

5.8 

nil 

nil 

4.63 

0 

34 

neutral 

0.76 

6.22 

85.6. 

nil 

0.05 

3.42 

4.66 

73.3 

35 

-0.40 

1.36 

<  0.5 

88.5 

0.18 

0.15 

0.61 

4.67 

13.1 

36 

- 

0.66 

5.9 

89.8 

nil 

0.07 

3.83 

4.67 

82.0 
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TABLE  6 

Incremental  Analyses  of  Filtrate  -  Modified  Process 

Run  A 


Sample  and 
I.R.  Curve 
Number 

BCI3 

Addition 

Time 

fmln.') 

Filtrate  Analyses 

S19RR 

1  per  gram 

KQSSITEBl 

MWTB  B  trKnB 

1 

60 

19.0 

1.23 

1.30 

0.09 

0.47 

2 

120 

38.0 

1.64 

1.68 

0.10 

0.52 

3 

180 

57.5 

2.33 

2.39 

0.10 

0.88 

4 

240 

76.5 

2.67 

2.62 

0.12 

0.98 

5 

280 

89.5 

3.08 

4.28 

0.14 

1.19 

Start 

of  ra| 

lid  dib( 

irane  evolut 

ion. 

6 

340 

1.13 

5.20 

0.16 

1.17 

7 

375 

0.17 

5.49 

0.15 

1.10 

8 

397 

127.0 

0.12 

8.00 

0.16 

0.66 

TABLE  7 

Incremental  Analyses  of  Off-Gases  -  Modified  Process 


Elapsed 
Time  X 
of  Total 

X  of 
BCI3 
Added 

B2H6 

Flow 

cc/min. 

B2H6 

Purity 
Mole  X 

CH4 

Mole 

(X) 

CH3CI 

Mole 

Reactor 
Temp. 
i'Cl  . 

13.0 

- 

9.78 

98.5 

0.14 

‘1.5 

25 

21.6 

- 

- 

11.85 

98.5 

0.19 

1.5 

25 

37.8 

2.11 

15.0 

11.72 

83.3 

0.23 

1.7 

25 

42.2 

56.8 

24.25 

56.2 

18.39 

42.6 

0.48 

1.2 

25 

53.0 

71.7 

2.82 

40.0 

3.78 

53.5 

0.45 

6.5 

25 

55.0 

76.6 

5.75 

68.25 

2.67 

31.75 

- 

- 

25 

61.0 

86.3 

46.63 

93.54 

3.07 

6.16 

0.15 

0.3 

25 

70.5 

94.9 

79.17 

96.74 

1.39 

1.69 

1.28 

1.57 

25 

74.0 

100.0 

178.75 

97.5 

1.67 

0.91 

2.92 

1.59 

25 

91.5 

- 

26.05 

93.92 

0.79 

2.85 

0.90 

3.23 

75 

100.0 

- 

33.04 

89.60 

2.10 

5.70 

1.73 

4.69 

100 
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TAB1£  8 

Mflk6~UD  and  Dlborane  Ylelde  -  Modified  Proceee 
(Dry  Sodium  Hydride) 


Run  No. 

14 

15 

16 

17 

00 

TemoeraCure  (“C'i 

80 

25-30 

80 

13-18 

-5  to  5 

SCarCina  Slurrv  fR.l 

NaH 

.  B-141  Soln. 

22.5 

244 

22.5 

237 

22.5 

262 

22.5 

243 

22.5 

242 

E-141  Solution 

NaBH4 

NaBF4 

1.89 

4.36 

0.95 

1.62 

1.16 

4.36 

1.16 

4.36 

0.88 

4.06 

BCI3  Added  (g. ) 

41.3 

40.7 

41.7 

42.5 

41.1 

B2Hg  Evolved  (g. ) 

1.61 

2.99 

3.33 

4.27 

3.46 

Efflclencv 

(%j  based  on  B2Ha) 

24.5 

40.7 

57.3 

74.8 

64.5 

Final  Slurrv 

Melght 

291 

296 

321 

300 

298 
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TABU  9 

Anelveee  of  Soltde  and  Ftltratee  -  Modified  Proceee 
(Dry  Sodium  Hydride) 


Run  No. 

14 

15 

16 

17 

18 

Filtrate 

Height  (g.) 

205 

219 

255 

218 

228 

Aik.,  meq.  x  10/ g. 

0.8 

-6.6 

-2.9 

-3.8 

-4.4 

Boron,  meq.  x  lO/g. 

5.42 

5.43 

11.0 

9.26 

8.53 

Aik.,  nniolea  H2/g. 

nil 

0.12 

C.13 

0.09 

0.08 

Acid,  mmoles  H2/g. 

0.29 

0.39 

0.14 

0.07 

0.03 

F,  (wt.  X) 

2.69 

1.62 

3.33 

3.18 

2.35 

Drv  Solida 

Height  (g.) 

86.4 

77.0 

66.4 

82.0 

69.5 

AIk«,  neq*  x  lO/g. 

0.62 

si.  acid 

0.62 

-1.8 

neutral 

Boron,  meq.  x  10/g. 

6.41 

1.51 

2.0 

3.52 

1.9 

F.  (wt.  X) 

1.41 

0.72 

0.47 

1.16 

0.56 

Aik.,  nmoles  H2/g> 

0.06 

0.02 

nil 

0.04 

0.04 

Acid,  nmoles  H2/g. 

0.81 

0.13 

0.39 

0.09 

0.24 

Nad  (wt.  X) 

68.7 

73.7 

88.5 

72.5 

84.7 
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Figure  8.  Liquid  Phase  Infrared  Absorption  Spectra 
Modified  Process^  Run  4 


13  13.5  14  14.5  15  15.5 

Wave  Length  (microns) 


Note:  Numbers  refer  to 

increments  of  boron 
trichloride  addition 
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Figure  9.  Liquid  Phase  Infrared  Absorption  Spectra 
Modified  Process,  Run  4 


Wave  Length  (microns) 


Mote;  Numbers  refer  to 

Increments  of  boron 
trichloride  addition 
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Figure  10.  Off-Ges  Composition  *  Modified  Process 
(Increments!  Addition  of  BCI3) 


NaH  NaBH4  B2Hg 
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Both  Ansul  Ether  E-181  (tetreethylene  glycol  dimethyl  ether)  and 
E'lAl  (dlethylene  glycol  dimethyl  ether)  were  used  In  the  reaction  and 
both  were  effective.  However,  B~141  was  found  to  be  more  stable  and 
produced  a  much  less  viscous  slurry  than  E^lSl.  A  minimum  of  about  five 
per  cent  ether  In  the  hydride  slurry  seemed  to  be  required  for  the 
reaction.  Although  Increasing  the  ether  concentration  above  this  value 
Improved  the  yield,  the  Increase  was  small. 

An  Initial  concentration  of  0.2  per  cent  sodium  borohydrlde  In  the 
hydride  slurry  seemed  adequate  to  promote  the  reaction.  The  addition 
of  small  amounts  of  either  sodium  fluoborate  (In  the  slurry)  or  boron 
trlfluorlde  (In  the  boron  trichloride  feed)  was  also  highly  desirable, 
since  the  reaction  proceeded  much  more  smoothly,  gave  better  yields, 
and  produced  a  more  readily  filtered  sodium  chloride  slurry. 

The  effect  of  reaction  temperature  on  yield  was  Investigated  over 
the  range  of  5*C  to  80*C,  and  1S*C  was  found  to  be  optimum.  However, 
at  the  end  of  the  boron  trichloride  addition,  the  slurry  wss  heated  to 
about  100*C  to  complete  the  reaction  and  drive  off  dissolved  dlborane. 

The  following  Is  typical  of  the  laboratory  preparations. 

One  hundred  forty  nine  grama  (149  g. )  of  Ansul  Ether  E'181  containing 
1.5  grams  of  sodium  borohydrlde  were  placed  In  the  reaction  flask  and  15 
grams  of  sodium  hydride  were  added.  In  the  dlborane  absorption  flask 
were  placed  144  grams  of  a  solution  cf  sodium  methylate  In  methyl  borate 
and  tetrahydrofuran,  containing  8  per  cent  sodium  methylate  and  46  per 
cent  methyl  borate.  The  entire  system  was  then  swept  with  nitrogen, 
and  the  oil  bath  under  the  reaction  flask  was  heated  to  80*C.  The 
absorber  liquor  was  heated  to  35*C.  With  both  flasks  being  rapidly 
stirred,  boron  trichloride  was  added  to  the  reaction  flask  at  approxi¬ 
mately  12  grams  per  hour  while  a  nitrogen  sweep  was  maintained.  At 
twenty  minute  Intervals  a  gas  sample  wss  taken  and  the  boron  trichloride 
cylinder  weighed  to  ascertain  the  exact  amount  of  boron  halide  added.  A 
sharp  rise  In  the  dlborane  concentration  was  noted  In  the  gas  sweep 
between  the  fifth  and  sixth  sddltlons,  when  approximately  the  theoretical 
weight  (18.3  g.)  of  boron  trichloride  had  been  added.  No  free  sodium 
hydride  was  evident  In  the  slurry  of  white  solids  present  at  the  end  of 
the  fifth  addition,  and  no  solids  were  present  In  the  scrubber. 

Further  additions  of  boron  trichloride  were  made  and  gas  evolution 
was  evidenced  by  the  bubbling  and  foaming  of  the  slurry.  Boron  tri¬ 
chloride  was  then  added  In  slight  excess  of  that  required  to  neutralize 
all  the  sodium  borohydrlde.  The  reaction  slurry  wss  then  cooled  and 
centrifuged,  and  the  filtrate  decanted.  The  wet  solids  were  washed, 
first  with  Ansul  Ether,  then  with  tetrahydrofuran,  and  finally  dried  under 
vacuum.  Thirty-eight  grams  of  dried  solids  were  obtslned  (theoretical 
yield  of  sodium  chloride,  38.8  g. ). 


-47- 


CONFIDENTIAL 


CONFIDENTIAL 

ASD-TDR-62-1025 
Volume  III  of  V 
June  1962 


VI.  Analytical  Procedures 

Analytical  coverage  for  the  various  steps  of  the  prepllot  plant 
operation  and  the  associated  laboratory  Investigations  necessitated  the 
development  and  use  of  a  considerable  number  of  analytical  procedures. 

In  most  cases,  new  procedures  had  to  be  developed  specifically  for  the 
materials  In  question  so  that  meaningful  analytical  results  could  be 
obtained  for  evaluating  the  performance  of  the  prepllot  plant  and  of 
various  associated  laboratory  projects.  The  toxic  nature  of  the  boron 
hydrides  made  special  safety  precautions  necessary.  In  particular, 
the  handling  of  the  volatile  boron  hydrides  necessitated  the  construc¬ 
tion  of  special  vacuum  apparatus  and  required  training  of  laboratory 
personnel  In  vacuum  techniques.  Care  was  exercised  In  working  with 
samples  containing  sodium,  sodium  hydride  and  sodium  borohydrlde  because 
of  the  possibility  of  hydrogen  Ignition  upon  hydrolysis. 

The  various  types  of  analytical  work  (developmental  and  routine) 
carried  out  during  the  period  of  laboratory  and  prepllot  plant  operation 
consisted  of  (1)  chemical  analyses,  (2)  Infrared  analyses  and  (3) 
miscellaneous  analytical  projects. 

A.  Chemical  Analyses 

1.  As  expected,  the  determination  of  boron  In  the  various 
boron  containing  compounds  and  solutions  was  of  considerable  Importance.  * 

Boron  In  soluble  borates  was  determined  by  simply  adding  mannitol  to  an 
aliquot  of  the  neutral,  unbuffered  solution  and  titrating  with  standard 
alkali  to  a  phenolphthaleln  endpoint,  or  to  a  pH  of  8.0  when  a  pH  meter 
was  used.  Total  boron  present  In  Ansul  Ether-sodium  borohydrlde  feed. 

In  spent  solutions  and  In  filter  cakes,  was  determined  by  hydrolyzing 
the  sodium  borohydrlde  and  other  compounds  present  to  boric  acid  and 
titrating  with  standard  base  In  the  presence  of  mannitol.  Hydrochloric 
acid  converted  the  sodium  borate  to  boric  acid  which  was  then  titrated 
with  standard  sodium  hydroxide  In  the  presence  of  mannitol  to  obtain 
the  total  boron  content. 

Attempts  by  prepllot  plant  personnel  to  obtain  material  balances 
on  the  process  Indicated  that  the  boron  values  obtained  In  caustic  scrubber 
solutions  were  generally  low.  Procedures  undertaken  to  correct  this 
problem  Included: 

a.  Direct  titration  of  the  sample. 

b.  Evaporation  of  a  sample  to  dryness  and  fusion 
of  the  resulting  solids  with  sodium  carbonate. 

c.  Filtration  of  the  sample  solids  with  subsequent 

fusion  of  the  solids  and  standard  titration  of  , 

the  liquid  portion. 
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These  procedures  proved  unsatlsfsctory  due  either  Co  Incomplete 
conversion  of  Che  boron  to  the  plus  3  Btste,  or  Co  Che  extreme  lengChl- 
ness  of  Che  procedure.  A  perchlorate  oxidation  of  these  caustic  scrubber 
solutions  was  later  successful.  The  method  was  based  on  Che  conversion 
of  all  boron  to  soluble  boric  acid  by  heating  with  nitric  and  perchloric 
acids  followed  by  the  standard  mannitol- sodium  hydroxide  titration. 

This  procedure  was  comparatively  rapid  and  yielded  reproducible  results. 
The  values  obtained  were  approximately  double  Chose  obtained  by  Che 
direct  titration  technique  for  polymer  destruction  liquors.  This  Inves¬ 
tigation  showed  It  was  unnecessary  Co  determine  Che  boron  contained  In 
Che  final  destructive  scrubber  solutions  by  Che  perchlorate  oxidation 
procedure  since  comparable  results  were  obtained  by  direct  titration. 


2.  A  mixture  of  CrlmethylboraCe  and  CeCrahydrofuran  was  used 
In  Che  production  of  sodium  borohydrlde  from  sodium  hydride.  Three 
procedures  were  employed  to  determine  Che  percentage  of  CrlmethylboraCe 
In  CeCrahydrofuran:  specific  gravity,  refractive  Index,  and  hydrolysis 
Co  boric  acid  with  titration  neutralization  of  Che  acidity  from  Che 
boric  acld-mannlCol  complex.  Instructions  and  equipment  were  prepared 
and  turned  over  Co  Che  preplloC  plant  personnel  for  Che  specific  gravity 
method.  This  made  possible  rapid,  on-the-spot  analyses. 


3.  The  sodium  hydride  produced  In  Step  I  was  analyzed  for 
purity  by  Che  decomposition  of  sodium  hydride  and  free  sodium  with  laopro- 
panol  and  water  to  yield  sodium  hydroxide  and  hydrogen.  A  gas  burette 
was  used  to  determine  Che  volume  of  hydrogen  evolved.  The  reaction 
mixture  was  Chen  titrated  for  total  alkalinity.  Calculations  for  Che 
per  cent  sodium  and  sodium  hydride  utilized  Che  volume  of  hydrogen 
evolved  and  Che  alkalinity,  with  Che  aid  of  Che  following  equations: 

HaH  +  HjO - -NaOH  +  H2 

1 

Na  +  H2O - -NaOH  +  ■2H2 

In  Che  absence  of  free  sodium,  Che  per  cent  sodium  hydride  was 
calculated  from  Che  volume  of  hydrogen  alone,  based  on  Che  first  equation, 
or  from  Che  alkalinity.  The  method  was  applicable  Co  both  sodium  hydride 
solids  and  their  dispersions  In  mineral  oils. 

Considerable  skill  on  Che  part  of  Che  analyst  was  required, 
especially  If  sodium  was  present.  The  slightest  variation  In  procedure 
could  lead  Co  unusual  results. 


4.  Sodium  methylate  appeared  In  Step  II  as  one  of  Che  products 
In  Che  reaction  of  sodium  hydride  with  CrlmethylboraCe,  Che  other  product 
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being  aodlum  borohydride.  The  filtrate  from  the  aodlum  borohydrlde 
recovery  waa  analyzed  for  aodlum  methylate  by  hydrolyala  to  aodlum 
hydroxide  and  methanol,  followed  by  titration  with  atandard  acid  to  deter¬ 
mine  the  alkalinity  produced. 


5.  Since  mineral  oil  waa  uaed  aa  the  dlaperalon  medium  for 
aodlum  hydride.  It  waa  a  natural  contaminant  of  the  aodlum  borohydrlde 
produced.  Mineral  oil  waa  determined  In  aodlum  borohydrlde  proceaa 
materlala  by  Ita  extraction  with  dlchlorome thane  from  an  acidified 
aqueoua  aolutlon  of  the  aample.  Dlchloromethane  waa  evaporated  and  the 
mineral  oil  realdue  dried  and  weighed.  Thla  method  waa  applicable  to 
the  determination  of  the  mineral  oil  content  of  aamplea  of  aodlum  boro¬ 
hydrlde,  aodlum  fluoride,  aodlum  chloride,  and  aolutlona  of  theae 
materlala  In  Anaul  Ether,  methyl  borate,  tetrahydrofuran  and  water.  Any 
material  extractable  with  dlchloromethane  but  which  did  not  evaporate 
below  110*C  Interfered  with  the  method. 


6.  Samplea  of  boron  trichloride  were  analyzed  for  alllcon  and 
free  chlorine  color Imetrlcally  after  alcoholyala  and  hydrolyala.  A 
liquid  aample  of  boron  trichloride  waa  dlatllled  Into  methanol  and  water 
waa  added  to  hydrolyze  the  reaultlng  nmthyl  borate  to  boric  acid  and  the 
alllcon  to  alllca  acid.  An  aliquot  of  thla  aolutlon  waa  analyzed  for 
chlorine  by  the  o-tolldlne  colorimetric  method.  Silicon  waa  determined 
colorlmetrlcally  by  either  the  alllco-molybdate  method  (over  25  ppm  SI) 
or  the  molybdenum  blue  method  (below  25  ppm  Si).  Both  the  overhead  and 
realdue  from  the  dlatlllatlon  were  analyzed  for  alllcon  by  one  of  theae 
two  methoda.  Theae  chemical  methoda  are  outlined  In  detail  In  Appendix  B. 


B.  Infrared  Anaivaea 

The  Infrared  apectrophotometer  (Beckaian  IR-4)  waa  extremely  uaeful 
In  providing  analytical  aervlcea  during  laboratory  and  prepllot  plant 
operation.  Methoda  were  developed  for  the  quantitative  analyala  of  (1) 
tetrahydrofuran  In  mineral  oil,  (2)  aodlum  borohydrlde  In  Anaul  Ether 
181,  (3)  Anaul  Ether  141  In  mineral  oil,  (4)  boron  trichloride  In  gaa 
aamplea,  and  (5)  phoagene  In  gaa  aamplea.  The  Inatrument  waa  alao  very 
uaeful  for  the  qualitative  Identification  of  theae  and  other  compounda. 
It  provided  rapid  analyaea  and  did  ao  with  small  aamplea  that  were  not 
chemically  altered  during  the  analysis. 

1.  The  tetrahydrofuran  content  of  mineral  oil  was  determined 
by  filling  a  0.1  mm.  liquid  cell,  measuring  the  absorbance  obtained  by 
single  beam  point  analysis  at  9.31  microns  and  referring  to  a  previously 
obtained  calibration  curve  of  absorbance  versus  volume  per  cent  tetra¬ 
hydrofuran.  The  analytical  range  was  0.05  to  1.0  gram  tetrahydrofuran 
per  100  milliliters. 
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2.  The  sodium  borohydrlde  content  of  Ansul  Ether  181  was 
determined  by  filling  a  0.03  mm.  cell,  scanning  the  sample  between  6  and 
2  microns,  measuring  the  absorbance  at  4.48  microns,  and  referring  to  a 
previously  obtained  calibration  curve  of  g.NaBH4/100  ml.  versus  absorb¬ 
ance.  The  analytical  range  was  0.01  to  8.0  g.  NaBH^/100  ml. 


3.  The  Ansul  Ether  141  content  of  mineral  oil  was  determined 
by  filling  a  0.0264  mm.  liquid  cell,  measuring  the  absorbance  at  8.97 
microns,  and  referring  to  a  previously  obtained  calibration  curve  of 
weight  per  cent  Ansul  Ether  141  versus  absorbance.  The  analytical 
range  of  the  method  was  0  to  15  grams  Ansul  Ether  141  per  100  milliliters. 


4.  The  boron  trichloride  content  of  a  gas  sample  was  deter¬ 
mined  by  filling  a  10  cm.  gas  cell  to  a  known  pressure  (high  vacuum 
system  necessary)  and  then  obtaining  the  double  beam  IR  spectrum  of  the 
gas.  The  absorbance  of  boron  trichloride  was  measured  at  5.22  microns 
for  high  concentrations,  or  at  10.06  microns  for  low  concentrations. 
Calibration  curves  for  each  wave  length  were  .available  for  determining 
the  partial  pressure  of  boron  trichloride.  From  the  partial  pressure 
the  mole  per  cent  boron  trichloride  was  easily  calculated. 


5.  The  phosgene  content  of  a  gas  sample  was  determined  by 
filling  a  10  cm.  gas  cell  to  a  known  pressure  (high  vacuum  system  neces¬ 
sary)  and  then  obtaining  the  double  beam  IR  spectrum  of  the  gas.  The 
absorbance  of  phosgene  was  measured  at  11.77  microns.  A  previously 
prepared  calibration  curve  was  available  for  determining  the  partial 
pressure  of  phosgene  in  the  sample.  The  mole  per  cent  could  be  easily 
calculated  from  the  partial  pressure. 

These  infrared  methods  are  detailed  in  Appendix  B. 


C.  Miscellaneous  Analytical  Projects 

1.  A  high  frequency  analyzer  was  fabricated  and  installed  in 
the  prepilot  plant  for  use  in  monitoring  Step  II  solutions.  Two  coils 
were  prepared  for  use  with  the  analyzer.  One,  a  large  coil,  was  placed 
on  a  section  of  glass  pipe  through  which  the  reaction  mixture,  in  the 
sodium  borohydrlde  reactor  (R-2),  could  be  circulated.  A  smaller 
second  coil  was  used  with  test  or  culture  tubes  of  15  mm.  length  and 
some  20  mm.  O.D. 

Instrument  calibration  for  the  sodium  methylate  neutralization 
through  the  preparation  of  synthetic  standards  was  unsuccessful  due  to 
inability  to  prepare  a  set  of  standards  having  physical  characteristics 
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similar  to  the  plant  solutions.  It  was  found  that  the  Instrument  could 
be  used  to  estimate  the  nearness  of  completion  of  the  neutralization  to 
an  endpoint  within  4  grams  per  liter  of  neutral. 

The  Instrument  proved  to  be  more  useful  In  determining  the  free 
sodium  content  of  the  sodium  hydride  slurries  fed  to  Step  II.  A  set  of 
standards  ranging  from  0.1  to  5.1  per  cent  sodium  was  prepared  In  sealed 
test  tubes  and  a  calibration  curve  obtained  with  the  small  coll.  Both 
the  standards  and  the  calibration  curve  were  made  available  to  prepllot 
plant  operators  who  then  could  make  their  own  determinations  on  samples 
of  sodium  hydride  slurries. 

The  high  frequency  analyzer  greatly  Increased  the  ease  with 
which  the  aforementioned  processes  could  be  followed  analytically,  and 
resulted  In  considerable  time  saving. 


2.  Identification  of  the  Impurities  present  In  sodium  boro- 
hydrlde  was  desired  to  enable  the  prepllot  plant  personnel  to  establish 
the  origin  of  contaminants  In  the  product.  Accordingly,  a  study  was 
Initiated  to  determine  the  nature  of  these  Impurities.  Sodium  tetra- 
methyoxyborate  was  the  principal  contaminant  Identified  In  average  batches 
of  sodium  borohydrlde  (>  90X  purity).  This  accounted  for  from  3  to  7 
per  cent  of  the  sample.  The  other  contaminant  appeared  to  be  a  boron 
containing  compound,  probably  B2O3  or  a  borate.  Batches  of  lower  purity  * 

sodium  borohydrlde  had  more  sodium  tetramethyoxyborate.  The  ratio  of 
sodium  tetramethyoxyborate  to  other  Impurities,  however,  was  not  so 
high  as  that  noted  In  the  purer  material.  This  was  probably  due  to  more 
mineral  oil  or  In  some  cases  to  carbon  (charred  mineral  oil).  In  this 
Investigation,  methoxy  groups  were  determined  by  hydrolysis  to  methanol, 
distillation  of  the  methanol,  and  finally  oxidation  of  the  methanol  In 
the  distillate  with  standardized  ceric  nitrate  solution.  Then,  using 
ferroln  Indicator,  the  excess  ceric  Ion  was  titrated  with  0.1  arsenous 
oxide  until  a  permanent  pink  color  was  obtained.  Boron  and  alkalinity 
values  were  determined  by  hydrolysis  of  the  sodium  borohydrlde  followed 
by  standard  titrations  with  0.1  sodium  hydroxide  and  0.1  jl  hydrochloric 
acid.  Mineral  oil  values  were  determined  by  extraction  with  dlchloro- 
methane  as  previously  described. 


3.  Dlborane  was  produced  In  the  prepllot  plant  through  the 
reaction  of  sodium  borohydrlde  with  boron  trichloride.  A  possible 
reaction  between  dlborane  and  sodium  borohydrlde  was  Investigated  since 
this  reaction  might  adversely  affect  dlborane  production.  Little  or  no 
reaction  was  found  to  take  place  between  dlborane  and  sodium  borohydrlde, 
either  In  solid  form  or  slurried  In  Ethyl  Ether.  Dlborane  was  found  to 
react  rapidly  with  sodium  borohydrlde  In  Ansul  Ether  181  to  yield  large 
quantities  of  hydrogen  and  sodlum-boron-hydrogen  compounds  containing 
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more  Chan  one  boron  atom.  This  reaction  was  of  interest  not  only  because 
it  was  detrimental  Co  diborane  production  but  because  it  could  possibly 
open  the  door  for  Che  synthesis  of  other  boron  hydrogen  compounds.  The 
urgency  of  other  more  pressing  projects  necessitated  Che  discontinuance 
of  work  on  this  reaction. 


4.  A  study  was  made  Co  determine  the  amount  of  low  boiling 
material  (boiling  point  below  Chat  of  Ansul  Ether  141)  present  in 
filtered  spent  solutions  after  diborane  generation.  Values  of  slightly 
less  Chan  2  per  cent  by  weight  were  obtained  by  distillation  of  filtered 
spenCs  from  several  runs.  Infrared  analysis* of  Che  low  boilers  indi¬ 
cated  structure  types  similar  to  Chat  of  Ansul  Ether  141.  The  low 
boiling  material  was  thought  Co  be  fragments  of  Ansul  Ether  141. produced 
by  Che  reaction  of  boron  trichloride  with  Ansul  Ether.  The  presence  of 
this  material  in  Che  filtered  spent  biased  high  Che  results  obtained  in 
Che  infrared  determination  of  Ansul  Ether  141.  This  bias  was  eliminsted 
in  Chose  instances  where  precise  Ansul  Ether  values  were  necessary  by 
quantitatively  distilling  off  Che  low  boilers  before  performing  Che  IR 
analysis. 


PREPILOT  PIAOT  OPERATIOMS 


I.  Discussion 

A.  Sodium  Hydride  (Step  I) 

The  first  34  batches  of  sodium  hydride  were  initiated  for  use  in 
the  methyl  borate  process  for  sodium  borohydride  production.  As  indi¬ 
cated  in  Table  10,  33  of  these  batches  were  carried  through  the  hydride 
step.  Batch  No.  10  was  discarded  prior  to  hydriding  because  the 
sodium  dispersion  obtained  was  very  coarse,  in  Che  order  of  200  micron 
particle  size,  despite  Che  addition  of  extra  dispersing  agent  (oleic 
acid)  and  an  extra  long  dispersing  period.  It  was  suspected  Chat  Che 
batch  had  somehow  become  contaminated  and  probably  would  not  hydride 
satisfactorily.  Since  disposal  of  a  poor  hydride  batch,  along  with 
the  necessary  clean-up  of  equipment,  was  particularly  time  consuming 
it  was  decided  to  restart.  Batch  No.  11  proceeded  very  well  and  proved 
the  decision  correct. 

Preliminary  laboratory  experiments  had  demonstrated  Chat  certain 
factors,  e.g.,  too  high  a  temperature  or  Coo  much  dispersing  agent, 
can  result  in  a  "black  batch".  In  this  circumstance,  Che  oil  (or  Che 
dispersing  agent)  carbonizes,  lending  a  color  varying  from  dark  gray 
Co  opaque  black  to  the  product  slurry.  Such  a  batch  does  not  absorb 
hydrogen  readily;  in  fact,  it  usually  ceases  hydrogen  uptake  far  short 
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of  the  theoretlcel  quantity.  Despite  the  forehand  knowledge  of  this  subject 
acquired  In  the  laboratory^  some  of  the  batches  prepared  In  the  pilot 
plant  were  unsatisfactory.  Experience  with  the  early  batches  proved 
that  high  quality  sodium  hydride  was  necessary  If  the  subsequent  proces¬ 
sing  to  sodium  borohydrlde  In  Step  II  were  to  proceed  smoothly  and  yield 
a  good  product.  Again,  because  operating  difficulties  with  a  poor 
sodium  borohydrlde  batch  far  exceeded  the  effort  required  to  start  over. 

It  became  the  practice  to  discard  a  questionable  batch.  Thus,  sodium 
hydride  Batches  7,  13,  14  and  34  were  not  used. 

Batches  35  through  86  vere  prepared  for  the  "In  situ"  process  for 
making  sodium  borohydrlde.  At  this  time,  the  Air  Force  asked  that  a 
minimum  of  effort  be  put  Into  the  steps  leading  up  to  the  pyrolysis  of 
dlborane.  Since  no  basic  changes  were  made  In  -the  sodium  hydride  process 
and  because  the  data  presented  In  Table  10  are  typical  of  the  later 
batches  as  well,  only  special  comments  are  tabulated  for  Batches  35 
through  86  In  Table  11. 

With  the  exception  of  Batch  42,  which  was  Interrupted  when  cooled 
excessively.  Batches  35  through  57  hydrlded  smoothly  and  produced 
sodium  hydride  dispersions  containing  less  than  0.1  per  cent  free  sodium. 

A  wide  range  of  oil  mixtures  was  used  In  that  the  percentage  of  repro¬ 
cessed  oil,  l.e.,  oil  recovered  from  subsequent  steps,  was  varied  from 
0  to  100.  In  addition,  various  grades  of  mineral  oil  were  used  and 
found  satisfactory:  Fenola  Bayol  85,  Standard  No.  3  NF,  and  White  Oils 
Nos.  10  and  15  (Mefford  Chem.  Co.). 

Erratic  results  were  experienced  with  Batches  58  through  68.  Batch 
58  was  Inadvertently  started  on  top  of  Batch  57  which  had  not  yet  been 
used  in  Step  II  and  was,  therefore,  still  In  Reactor  R-1.  This  over¬ 
loaded  the  agitator  and  Its  blade  was  damaged.  The  batch  turned  out 
dark  and  was  discarded.  Reactor  washout  and  agitator  repair  followed, 
but  results  were  Inconsistent  for  the  next  several  batches.  With  Batch 
69;  normal  results  were  obtained  and  the  last  18  batches  were  processed 
uneventfully. 

The  occurrence  of  occasional  unsuccessful  batches  caused  concern. 
Formulations  and  operating  procedures  for  all  batches  were  carefully 
reviewed;  however,  no  single  factor  could  be  pinpointed  as  a  cause.  A 
brief  laboratory  program,  discussed  earlier,  was  undertaken  to  help  clear 
up  this  matter.  It  was  concluded  that  the  technical  grade  oleic  acid 
used  In  the  pilot  plant  was  unsatisfactory,  probably  because  of  deteriora¬ 
tion  over  several  months.  Batches  69  through  86  either  used  no  oleic 
acid  or  only  small  amounts  of  C.P.  grade  material.  The  sodium  dispersion 
before  hydrldlng  was  usually  very  coarse  and.  In  fact,  often  agglom¬ 
erated  when  sampled;  nevertheless,  hydrldlng  proceeded  normally. 
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TABLE  10 

STEP  1.  FREPILOT  PLANT  BATCHES  1-34 
(Sodium  Dispersion,  Sodium  Hydride) 


BATCH 

NO. 

USED 

Na 

(caa.) 

Na  heat 
UPTIME 
(HRa.) 

SODIUM 

DISPERSION 

TIME 

(HRa.) 

PART. 

SIZE 

fi) 

VESSEL 

PRESS. 

(PSIS) 
(A  VC.) 

MAX. 

Ha  FLOW 
SCFM 

HYDRID. 

TIME 

(HRS.) 

HYDRID. 

TEMP. 

(■<t) 

THEOR. 
Ha  USED 
(«) 

TOTAL 

CYCLE 

TIME 

(HRa.)<A) 

FREE 
Na  in 
NaH 

(%) 

1 

105.0 

1.0 

0.7 

35 

6.3 

5.1 

275 

101 

8.0 

4.0 

2 

107.5 

1.5 

0.3 

35 

3.8 

10.6 

270 

86 

12.0 

1.5 

3 

105.5 

2.0 

0.5 

- 

37 

5.8 

10.2 

260 

78 

27.0 

0.2 

4 

106.5 

2.0 

1.25 

3040 

38 

8.5 

4.4 

270 

114 

11.0 

0.2 

5 

106.0 

2.2 

0.5 

- 

35 

8.2 

48 

270 

106 

10.0 

0.3 

6 

108.0 

2.4 

1.4 

32 

12.5 

3.8 

270 

91 

8.0 

0.2 

7 

107.0 

0.5 

20 

38 

4.2 

14.8 

265 

Leaky 

16.4 

- 

V'alyes 

8 

106.0 

2.2 

0.7 

20-40 

32 

8.7 

5.5 

250 

tt 

6.7 

0.2 

9 

106.0 

4.7 

3.0 

50^50 

54 

8.3 

4.0 

250 

131 

13.0 

0.7 

10 

106.0 

2.4 

Discaided 

11 

109.0 

3.6 

3.0 

50-100 

35 

5.5 

7.3 

270 

99 

11.0 

0.1 

12 

109.0 

3.2 

3.1 

- 

29 

11.7 

3.0 

280 

111 

8.5 

0.1 

13 

109.0 

2.2 

2.0 

- 

31 

6.3 

4.8 

280 

100 

10.0 

2.0 

14 

110.0 

(•) 

1.6 

5-75 

36 

5.0 

3.6 

265 

91 

7.0 

15 

107.0 

6.5 

2.6 

20-30 

40 

12.6 

7.0 

245 

108 

13.5 

0.1 

16 

107.0 

2.4 

1.2 

20-50 

44 

13-9 

3.0 

240 

105 

5.9 

1.0 

17 

96.0 

3.0 

1.2 

20 

44 

16.4 

1.5 

235 

104 

5.2 

0.6 

18 

108.0 

13.0 

1.7 

10^50 

45 

15.5 

2.7 

255 

113 

5.2 

0.1 

19 

106.0 

4.1 

2.1 

35 

46 

6.0 

5.5 

280 

104 

8.7 

0.1 

20 

107.0 

5.5 

38.0 

70 

42 

7.0 

4.7 

265 

75 

45.5 

0.1 

21 

104.0 

4.3 

10.9 

90 

44 

4.0 

15.4 

255 

91 

28.0 

1.1 

22 

106.5 

3.2 

2.0 

150 

40 

7.5 

3.0 

265 

104 

5.8 

0.1 

23 

108.0 

2.0 

3.3 

110 

45 

8.0 

3.6 

260 

102 

8.0 

0.1 

24 

107.5 

3.8 

1.7 

70 

41 

6.5 

3.7 

255 

99 

6.7 

0.1 

25 

105.5 

7.0 

2.1 

60 

42 

8.0 

3.4 

270 

102 

7.7 

2.0 

26 

107.0 

3.2 

1.0 

60 

42 

5.8 

5.2 

260 

109 

7.7 

27 

107.0 

3.7 

3.25 

20 

38 

5.5 

16.5 

265 

102 

20.5 

None 

28 

103.5 

2.7 

1.3 

150 

43 

7.6 

4.0 

255 

105 

6.25 

0.1 

29 

107.5 

3.0 

0.75 

60 

39 

6.3 

6.5 

255 

110 

7.5 

1.0 

30 

106.0 

11.8 

3.8 

140 

41 

14.6 

9.2 

262 

140 

13.3 

0.1 

31 

105.0 

4.0 

1.25 

50 

44 

10.5 

3.3 

259 

105 

5.1 

0.1 

32 

107.0 

2.3 

2.1 

lOO 

38 

5.8 

3.5 

250 

103 

6.1 

0.1 

33 

106.5 

3.4 

1.7 

25 

42 

6.3 

4.5 

250 

105 

6.8 

0.1 

34 

105.0 

1.9 

0.8 

50 

44 

10.5 

4.0 

260 

58 

6.5 

■ 

(a)  Total  cycle  time  Start  Na  addition  to  150^C  at  fioiah'of  Hydriding 
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TABLE  11 

Step  I  Preollot  Plant  Batehee  35-86 
(Sodium  Oispersion,  Sodium  Hydride) 


Batch  Noe. 

Comments 

35-41 

These  successful  batches  utilized  varying  proportions  (up 
to  100%)  of  reprocessed  oil.  Batch  41  is  the  first  one 
which  used  a  135  lb.  Na  drum,  i.e.,  larger  batch  size. 

42 

A  black  batchj  discarded.  Accidentally  cooled  too  much  in 
middle  of  hydriding,  losing  reaction.  Reaction  did  not 
proceed  when  batch  reheated. 

43-57 

0-50%  reprocessed  oil  used  in  these  successful  hatches. 
Average  particle  size  of  sodium  dispersion  ranged  from 

15  to  70  microns,  hydriding  temp.  235-260‘C.  Mean 
hydriding  time,  2.1  hrs.  150  lb.  Na  drum  used  in  some 
batches. 

58 

A  black  batch;  disicarded.  Resulted  when  this  batch  was 
inadvertently  added  to  R-1  reactor  which  still  held  Batch 
57.  Impeller  blade  damaged;  agitator  pulled  and  blade 
straightened. 

59-60 

These  batches  were  also  dark  and  discarded.  Batch  59 
was  also  inadvertently  cooled  too  much  midway  in  hydriding. 
Suspect  carryover  of  Batch  59  contamination  into  Batch  60 
despite  reactor  washout  with  kerosene  and  methanol 
between  batches. 

61-62 

Satisfactory  batches,  150  lb.  Na  drums,  all  new  oil. 

63 

Hydrogen  feed  line  plugged  midway  in  batch.  Reactor 
cooled,  pressure  relieved  and  probe  removed  for  cleaning. 
Hydrogen  pick-up  did  not  resume  when  batch  restarted. 

64 

Good  batch. 

65-68 

Dark  batches,  all  made  with  new  oil,  135  lb.  Na  charges. 

69-86 

All  good  batches  and  utilized  new  oil.  No  dispersing 
agent  used  in  most  batches;  C.P.  oleic  acid  in  a  few. 
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Because  hydrldlng  involves  the  reaction  between  a  gas  and  a  small 
globule  of  dispersed  liquid,  the  reaction  rate  obviously  depends  upon 
good  contact  between  the  two  phases.  Some  variations  In  equipment 
Intended  to  Improve  this  factor  were  evaluated  during  the  course  of 
these  operations.  In  Batches  1  through  14,  the  original  6  Inch  diameter 
Premier  Mill  agitator  was  used.  In  all  succeeding  batches,  an  8  Inch 
diameter  Cowles  Dissolver  blade,  fitted  on  the  agitator  shaft  In  place 
of  the  Premier  Mill  unit,  was  employed  with  distinctly  superior  results. 
Beginning  with  Batch  34,  the  reactor  system  was  further  modified  by 
the  addition  of  a  high  temperature  recirculating  pump  and  a  liquid 
distributor  plate  located  on  the  upper  portion  of  the  agitator  shaft. 

All  pump  packings  evaluated  In  this  situation,  l.e.,  circulation  of 
sodlusr sodium  hydride  dispersions  at  200*C  to  300*C,  failed  after  a 
very  llmltad  life.  While  the  change  was  considered  beneficial,  relia¬ 
bility  was  not  sufficiently  developed  for  regular  use.  However,  this 
facllltly  did  prove  useful  for  rinsing  out  the  reactor,  a  very  Important 
element  In  successful  operation. 

In  addition  to  gas-llquld  contact,  the  surface  condition  of  the 
liquid  sodium  globule  was  also  Important.  It  Is  believed  that  this 
factor  distinguished  success  from  failure.  Whenever  a  batch  failed  to 
go  to  completion,  the  sodium  globules  were  probably  coated  or  otherwise 
Inhibited  from  reacting.  Impure  dispersing  agent  has  already  been  men¬ 
tioned  as  a  possible  Inhibitor;  breakdotm  products  of  the  oil  when 
exposed  to  high  temperatures,  300*C  or  more.  Is  another;  reprocessed  oil, 
which  always  contslned  trace  amounts  of  solvents  and  coloring  agents, 
could  possibly  cause  trouble;  and  sodium  hydride  contamination  from  a 
previous  batch  seemed  unsatisfactory.  Because  no  absolute  criterion  for 
these  matters  existed,  care  was  exercised  to  keep  them  under  control. 
Because  of  this,  the  following  elements  of  the  operstlng  procedure  are 
emphasized: 

1.  The  reactor  should  be  clean  before  a  batch  Is  started.  An 
oil  rinse  following  each  batch  Is  recommended  to  minimize  batch  to  batch 
contamination.  If  a  blsck  batch  has  been  made,  a  more  thorough  washout 
Is  necessary.  Kerosene,  followed  by  methanol,  was  used  for  this  purpose. 
Appropriate  consideration  was  given  to  the  safety  factors  Involved. 

2.  Batch  Ingredients  must  be  clean  and  free  of  contaminants. 

3.  Use  of  dispersing  aids  such  as  oleic  acid  should  be  held  to 
a  minimum  and  preferably  should  not  be  used  at  all.  When  reprocessed  oil 
Is  used  In  any  proportion,  no  dispersing  sgent  should  be  added. 

4.  The  nitrogen  atmosphere  above  the  liquid  should  be  thoroughly 
removed  and  replaced  with  hydrogen  after  Che  sodium  dispersion  Is  made  and 
before  the  temperature  Is  raised  for  hydrldlng.  This  Is  best  accomplished 
by  evacuating  to  about  24  Inches  (Hg)  vacuum  and  backfilling  with  hydrogen 
two  or  more  times. 
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5.  Good  temperature  control  during  hydrlding  is  essential^  the 
desired  range  being  250  to  265*C.  Excessive  temperatures  result  in  car¬ 
bonization  while  low  temperatures  stop  the  reaction,  making  restart 
difficult  or  impossible. 


B.  Sodium  Borohvdride  ^Step  II-A^ 

Of  the  29  batches  of  sodium  borohydride  attempted  (Table  12)  twenty 
were  of  good  quality  (NaBH4  assay  of  88X  or  better),  two  were  usable 
(NaBH^  assay  of  78-87Z),  and  six  were  not  used  because  of  low  assay.  One 
other  batch  was  not  completely  processed  because  of  extensive  dilution 
with  filter  aid  (Johns  Manville  Hi-Plo). 

Early  batches  proved  that  a  good  quality  sodium  hydride  slurry  is 
essential  to  satisfactory  sodium  borohydride  production.  Thus,  some  of 
the  poorer  quality  hydride  batches  were  discarded  without  attempting 
the  sodium  borohydride  operation.  The  selectivity  exercised  as  the 
result  of  this  early  background  information  was  effective  in  substantially 
increasing  the  consistency  of  results  as  shown  in  Table  12  and  Figure  11. 
Starting  with  Batch  17,  only  two  batches  were  processed  to  completion 
which  assayed  less  than  85  per  cent  sodium  borohydride;  both  used  sodium 
hydride  of  borderline  quality.  Batch  21  sodium  hydride  slurry  analyzed 
1.1  per  cent  free  sodium  and  made  sodium  borohydride  of  only  65  per  cent 
purity.  Batch  27  did  not  contain  free  sodium  but  was  dark  in  color. 

The  resulting  sodium  borohydride  batch  assayed  78.4  per  cent;  not  high 
quality,  but  usable. 

The  major  impurity  was  found  to  be  sodium  tetramethoxyborate, 
NaB(OCH3)4.  A  relatively  lump-free,  off-white  powder  was  evidence  of  a 
quality  product.  Off-quality  material  was  brown  to  black  and  somewhat 
lumpy.  Some  of  the  lower  quality  product  tended  to  be  pyrophoric, 
probably  due  to  the  presence  of  small  particles  of  free  sodium.  It  was 
quite  hazardous  to  handle,  particularly  when  still  contaminated  with 
residual  solvent. 

The  last  ten  batches  produced,  excluding  Batch  27  mentioned  before, 
averaged  92.4  per  cent  purity  and  83.3  per  cent  yield  (based  on  sodium 
charged  to  the  sodium  hydride  reactor  R-1)  compared  with  process  design 
figures  of  95  and  83.4  per  cent,  respectively.  The  last  five  batches 
maintained  this  same  average  purity  level  (92. 4X)  at  a  higher  average 
yield,  86.8  per  cent.  Thus,  Step  II  did  achieve  design  results  exce; 
for  a  slightly  low  product  purity. 
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TABLE  12 

PREPILOT  PLANT  STEP  ll-A 
Sodium  Borohydrido  Methyl  Borate  Process 


Minof  y 
1962 


BATCH 

NO. 

TOTAL  (a) 
CYCLE 
TIME 

(HRS.) 

REACTION 

TIME 

(HRS.) 

CENTRI¬ 

FUGE 

TIME 

(HRS.l 

R-2 

LIQ.  TEMP 

(®C) 

WASH 

QUANTITY 

(UBS.) 

SOLVENT 

IN 

WET  CAKE 

(WT.  %) 

DRY  CAKE 
WT. 

(LBS.) 

NABH4 

IN 

PRODUCT 

(WT.  %) 

YIELD  (b) 

(%) 

1 

47 

3.0 

5.7 

50 

770 

. 

38.0 

93.5 

82.5 

2 

41 

1.0 

14.0 

53 

1099 

- 

58.5 

68.0 

90.2 

3 

34 

0.4 

4.7 

57 

710 

- 

30.0 

10.0 

7.0 

4 

70 

2.4 

5.5 

48 

780 

- 

45.5 

50.0 

51.6 

5 

42 

2.0 

5.6 

38 

683 

22.7 

46.0 

84.4 

89.2 

6 

43 

1.7 

3.1 

45 

756 

30.0 

89.9 

60.9 

7 

NaH  Discarded 

8 

62 

0.9 

33.0 

40-55 

660 

- 

49.5 

55.0 

62.5 

9 

38 

2.7 

6.0 

50 

562 

- 

34.5 

92.0 

73.3 

10 

Na  Dispel 

’sioQ  Discarded 

1 

11 

40 

1.1 

10.5 

60 

420 

4.9 

39.0 

89.0 

77.7 

12 

40 

2.0 

6.2 

45 

672  Negligible 

44.0 

92.0 

90.7 

13 

NaH  Discarded 

14 

NaH  Discarded 

15 

45 

1.3 

3.4 

55 

672 

7.0 

40.0 

95.1 

86.5 

16 

60 

0.8 

45.0 

62 

704 

14.9 

77.5 

49.1 

86.6 

17 

66 

3.5 

7.9 

40 

567 

leslisible 

33.0 

96.0 

80.2 

18 

'47 

2.7 

4.25 

41 

798 

6.0 

39.0 

94.6 

83.3 

19 

54 

1.7 

6.5 

48 

649 

14.0 

40.0 

88.0 

80.9 

20 

38 

1.8 

3.7 

53 

400 

2.0 

28.0 

90  jO 

57.5 

21 

55 

2.4 

25.0 

34 

747 

• 

70.0 

65 

106.2 

22 

44 

3.1 

7.3 

54 

67t 

7.0 

38.0 

91 

79.0 

23 

46 

2.2 

5.25 

57 

630 

3.0 

39.0 

90 

79.4 

24 

46 

1.0 

4.4 

59 

561 

3.0 

39.0 

90 

79.7 

25 

41 

2.2 

4.5 

50 

672 

4.0 

34.5 

91 

72.5 

26 

37 

2.0 

7.5 

'48 

588 

10.1 

40.0 

97 

88.2 

27 

36 

2.2 

15.5 

55 

374 

2.5 

30.0 

78 

53.6 

28 

36 

1.9 

7.5 

72 

630  Negligible 

42.0 

92 

91.6 

29 

49 

2.0 

34.0 

58 

546 

(c) 

(c) 

(c) 

30 

41 

2.7 

13.0 

52 

1076  ^ 

legligibM 

3)  39.0 

98 

87.5 

31 

36 

1.2 

10.0 

58 

609 

1.3 

39.0 

89 

80.8 

32 

32 

3.3 

9.0 

50 

504 

1.2 

41 .0 

91 

85.4 

33 

30 

1.5 

6.0 

54 

608 

1.2 

42.0 

92 

88.5 

(•)  Total  cycle  time  Start  of  NaH  additioo  to  start  of  NaH  of  following  run  excluding  unavoidable 
delay  time.  (Step  Il^A  and  11— B). 

(b)  Baaed  on  sodium  charged  to  sodium  hydride  reactor. 

(c)  Product  not  processed^  contaminated  with  filter  aid. 

(d)  Continued  Batch  2  —  from  R>2  without  filtering.  Filtrate  —  black. 


I 
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Figure  11.  Purity  of  Sodium  Borohydrlde  Batches 
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C.  Regeneration  of  Trlmethvl  Borate 

Solvent  and  Oil  Recovery  (Step  II-B^ 

Solvents  and  oil  were  recovered  from  all  batches  which  proceeded  to 
the  borohydrlde  stage.  As  Indicated  In  Table  13,  a  total  of  29  batches 
were  neutralized  with  a  boron  halide;  19  with  boron  trichloride,  8  with 
boron  trlfluorlde  and  2  with  a  mixture  of  these. 

Usage  of  boron  trichloride  averaged  102.3  per  cent  of  theoretical, 
but  there  was  some  considerable  variation  from  batch  to  batch.  It  would 
normally  be  expected  that  due  to  some  losses,  somewhat  more  than  the 
theoretical  requirement,  would  be  consumed.  This  was  true  for  the  best 
quality  batches  of  sodium  borohydrlde,  with  most  of  the  figures  falling 
In  the  100  to  110  per  cent  range.  Consumption  for  low  quality  batches 
was  generally  more  erratic.  Where  the  product  contained  substantial 
quantities  of  NaB(0CH3)^,  less  neutralizer  would  be  required.  On  the 
other  hand.  If  the  sodium  hydride  batch  contained  free  sodium,  more 
neutralizer  would  be  needed. 

The  average  usage  of  boron  trlfluorlde  for  eight  batches  was  149  per 
cent  of  theoretical  when  calculated  on  the  basis  of  a  mole  per  mole 
substitution  for  boron  trichloride.  This  higher  consumption  of  acid  . 
reagent  was  caused  by  the  formation  of  sodium  fluoborate,  NaBF^. 

Salt  separation  was  attempted  by  centrifuging  In  the  early  batches 
but  was  unsuccessful  due  to  the  extremely  fine  crystals  formed  In  this 
organic  medium.  Several  possibilities  for  Improving  fllterablllty  were 
evaluated  In  the  laboratory  without  success.  Thus,  solvent  recovery 
from  these  batches  Involved  distilling  off  tetrahydrofuran  and  trlmethyl 
borate  (THF-TMB)  from  an  oil-solvent-salt  mixture  In  reactor  (R~2).  As 
this  mixture  became  depleted  in  solvent.  It  approached  an  oatmeal  con¬ 
sistency,  Interferrlng  with  heat  transfer  and  reducing  the  extent  of 
solvent  recovery.  Solvent  recovery  for  boron  trichloride  neutralized 
batches  averaged  84  per  cent. 

The  mixture  of  NaF  and  NaBF^  formed  In  BF3~neutrallzed  batches  was 
readily  centrifuged  and  solvent  recovery  was  Increased  to  an  average  of 
92  per  cent  of  that  charged. 

Oil  recovery  and  reclamation  In  batches  neutralized  with  boron  tri¬ 
chloride  were  completed  by  dissolving  the  salt  from  distillation  residues 
and  separating  oil  from  the  resulting  brine  prior  to  purification.  Oil 
purification  Involved  washing  and  steaming  to  remove  solvents,  followed 
by  drying  and  filtration.  Reprocessed  oil  obtained  from  treatment  of  early 
batches  was  not  satisfactory  for  reuse  In  Step  I,  but  about  midway  In  the 
batch  series,  a  commercial  oil  purifier  (Hllco)  was  obtained  which 
purified  recovered  oil  to  usable  limits.  Recovery  of  oil  suitable  for 
reuse  amounted  to  60  and  70  per  cent  for  two  batches  neutralized  with  boron 
trichloride  and  90  per  cent  for  a  batch  neutralized  with  BF3. 
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TABLE  13 

STEP  II -B 
(Neutralization  Step) 


(a)  Estimated. 

(b)  Includes  substantial  but  indeterminant  amount  of  material  from  poor  batch. 

(c)  BF^  and  BCl,  Mix. 

(d)  NaF  and  NaCl  filtered  poorly,  only  37  lbs.  cake  contained  in  6.3  hours  Discovered  leaky  rupture  disc,  R— 2. 
May  account  for  some  BFs  usage. 

(e)  121  lbs.  BF3  then  50  lbs.  BCl3  used  NaF,  NaBF4  and  NaCl  mix  filtered  poorly.  Gave  up  after  10  hours  and 
resorted  to  distillation 
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Conditions  promoting  good  solvent  regenerstlon  end  recovery  were  good 
flltrstlon  of  borohydrlde  product  and  freedom  of  filtrate  from  same;  closed 
reactor  (R~2)  system  and  solvent  temperatures  within  range  of  50  to  60*C; 
moderate  rate  of  acid  reagent  addition  such  that  side  reactions  are  held  to 
minimum  (4-5  hrs.  per  batch);  close  check  on  progress  of  reaction  through 
weight  of  acid  reagent  and  analysis  of  reaction  mixture. 

Conditions  promoting  good  solvent  recovery  by  distillation  were  salt 
free  solvent-oil  mixture  (In  case  of  BF3  batches);  use  of  agitation;  as 
high  an  end  temperature  as  could  be  obtained  by  steam  heated  vessel  Jacket; 
and  nitrogen  displacement  of  solvent  vapors  In  the  vessel  at  the  end  of 
distillation. 

Conditions  promoting  good  oil  recovery  and  reclamation  were  efficient 
washing  of  the  oil  to  remove  salt  and  solvent;  steaming  to  remove  last 
traces  of  solvent  with  care  taken  to  prevent  oil  loss  due  to  foaming; 
careful  drying  and  filtration  at  reduced  pressure  (24-25  In.  Hg.)  and  at 
a  temperature  of  375*F.  through  filter  media  containing  activated  charcoal 
(Darco  G-60)  and  a  commercial  Fullers  earth  (Hlllte). 


D.  Dlborane  Generation 

A  summary  of  the  twenty  dlborane  NaBH^-Ansul  Ether  runs  Is  presented 
In  Table  14.  It  Is  seen  that  this  process  successfully  produced  dlborane 
of  good  purity  (85X  avg.)  In  better  than  design  yields  (87X  avg.  vs.  67X 
design).  The  major  Impurity  was  hydrogen,  with  methyl  chloride  also 
present  to  the  extent  of  about  one  mole  per  cent.  The  operation  was 
reliable  and  the  equipment  generally  performed  well.  Particularly  note¬ 
worthy  was  the  horizontal  screw  reactor  (R-3)  which  did  not  plug  at  all 
In  contrast  to  AFN's  previous  experience  with  a  reactor  lacking  agitation. 
The  Lapp  Pulsafeeder  used  to  meter  feed  solution  to  the  reactor  was  some¬ 
what  troublesome,  but  close  attention,  coupled  with  quickly  learned 
operating  tricks  such  as  a  momentary  speed-up  to  clear  the  pump,  minimized 
the  problem. 

Mechanical  problems  prevented  the  dlborane  absorber  from  being 
completely  successful.  Although  the  absorber  column  (C-2)  was  glass.  It 
soon  became  coated  by  dark  feed  solution  so  that  column  action  could  not 
be  observed.  The  high  capacity  of  the  recirculating  pump  (P-6)  caused 
the  column  to  flood,  and  the  solution  to  plug  the  gas  outlet  and  sampling 
lines.  In  addition,  the  gas  inlet  line  was  located  In  a  position  where 
solution  could  splash  Into  It,  and  It  plugged  also.  Lastly,  the  perfor¬ 
mance  of  the  recirculating  pump,  a  Chempump,  was  erratic.  It  tended  to 
overheat  and  kick  out  Its  thermal  switch,  so  water  was  usually  trickled 
over  the  pump  housing  for  cooling;  moreover.  Its  output  was  not  consistent, 
probably  due  to  an  NPSH  problem.  These  problems,  although  not  completely 
eliminated,  were  minimized  through  minor  piping  rearrangements  and  careful 
attention  to  the  trouble  spots. 


-69- 


CONFIDENTIAL 


) 


CONFIDENTIAL 

ASD-TDR-62-1025 
Volume  III  of  V 
June  1962 


»a 

< 


•o 

o 

Jl 

u 

£ 

u 

JS 

u 

M 


9 

m 

c 

< 


« 

c 

m 

u 

o 

.o 

Q 


.D 

Cl  Os 

m 

Os 

00 

O 

ON 

NO 

NO  o 

Cl 

*0  H 

1 

1 

1 

1 

1 

Os  fik 

• 

o 

ON 

Cl  00  ON 

ON 

hi 

00 

Cl 

00 

0) 

1-1 

> 

u 

• 

CM  m 

lO 

Os 

Cl 

CM  ^  ON  CM 

ON 

NO 

o 

CM  00 

4J  a 

•  • 

• 

• 

• 

• 

•  •  •  • 

• 

• 

•  • 

as 

4)  ^ 

1 

1 

• 

• 

• 

<0  M 

in 

CO 

so 

Cl  CO  CO  m 

NO 

CM 

CM 

CM  O 

<M 

SB  i-l 

^  ^ 

PQ 

4J 

1-1 

04  4) 

1 

• 

• 

• 

• 

m  o 

in 

CO 

o 

00  ot  r^’  NO 

o 

1 

o 

00  Cl 

m 

9i  00 

00 

Cl 

Os 

00 

00  00  On  00 

ON 

ON 

Cl  NO 

00 

“1 

* 

' 

1  III 

1  1 

■  ' 

.1 

• 

o 

o 

<n 

o 

o 

O  Cl 

o  ^ 

Cl 

ON 

CM  ^  O  O 

o 

o  NO 

ON  O 

>  rt 

o 

o 

m 

o 

o 

O  00 

o 

Cl 

00 

in 

On  00  O  O 

o 

ON 

00 

00  O 

fi  ^ 
O 

41 

u 

00 

9 

41 

• 

o 

in 

m 

m 

O  *A 

in 

00 

o 

NO 

O  O  O  lO 

m 

o 

o  lO  m 

> 

f-1  «a 

• 

• 

• 

• 

• 

•  • 

• 

• 

• 

• 

•  •  •  • 

• 

• 

• 

•  • 

< 

U 

CO 

<h 

CO 

m  CO  o 

fs- 

CM  m  On  On 

CM 

CO 

CM  O 

PQ  ^ 

tr\ 

CO 

CM 

CO 

CO  CO 

CO 

CM 

fO 

CO 

CO  CO  CO  CO 

^  CO  CO 

fO  CO 

• 

cn 

CM 

o 

00  ^ 

Cl  m 

o 

Cl 

Os 

CM 

CM  m  CO  m 

ri* 

CM 

ON 

ON  m 

4J  « 

• 

• 

• 

• 

• 

•  • 

• 

• 

• 

• 

•  •  •  • 

• 

• 

• 

•  • 

41  ^ 

in 

CM 

CM 

00  ^ 

NO 

m 

CO  ^  m  fh 

00 

in 

00 

CO  00 

ss  ^ 

CO 

CO 

't  pn 

CO 

CO 

CO 

CO 

CO  CO  CO  CO 

CO 

CO 

CO 

fO  CO 

00 

>.re 

o 

m 

ri 

>o 

O 

O  ^ 

o 

NO 

o 

On  O  m  CM 

ON 

CM 

m 

CO  NO 

4J 

• 

• 

•  • 

• 

•  • 

•p4  • 

00 

CO 

%a  CM 

Os  CM 

m 

so  ^ 

00 

^  ^  o  ^ 

NO 

o 

CM 

ON  00 

U  AJ 

o> 

o> 

Os 

00  o> 

Os 

Os 

ON 

00 

On  ON  ON 

ON 

ON 

ON 

00  On 

5  3 

o 

£  >* 

OS 

00 

ON 

m  ^ 

s 

m  • 

o 

o 

o 

m 

o  o 

o 

o 

o 

o 

o  o  o  m 

o 

o 

o 

O  O 

PQ 

o  « 

• 

• 

• 

• 

•  • 

• 

• 

• 

• 

•  •  •  • 

• 

• 

• 

•  • 

<« 

4 

>o 

00 

m 

OS  ^ 

o 

CO 

Os 

o 

<0  00  a>  '3' 

5 

ON 

CM 

00  ON 

ss 

c  ^ 

<n 

CO 

in 

CO 

«»> 

CO 

CO 

CO  CO  CO  CO 

CO  ^ 

CO  CO 

m 

«0 

41 

•o 

41 

•o 

so 

< 

e 

•o 

41 

•p4 

^  CM 

in 

rs. 

00 

ON 

m 

iM  CM  CO  m 

NO 

00 

^  o 

U 

Os 

M  CM  CM  CM 

CM 

CM 

CM 

CO  CO 

U 

•o 

• 

1  • 

1 

1 

o 

*0  1  1  1 

1 

J  1 

s 

>« 

m 

m 

ss 

X  X 

X 

X 

X 

K 

CM 

>^X  X  X 

SB 

£ 

SB 

X  X 

0 

s 

£ 

Pu 

Km  Pm 

lk« 

X  Ph  Pu  Ph 

Pk 

Pm 

bj  bj 

H2 

ss 

. 

< 

<  < 

X 

<  <  5 

•< 

•< 

•< 

<  < 

Pm 

•< 

Pk 

< 

U 

<1 

u 

41 

41 

lH 

£ 

£ 

1 

BR 

EK 

«s 

in 

'O  n. 

00 

Os 

o 

CM 

fo  -3  m 

NO 

hi 

00 

ON  o 

■ 

^ 

^  CM 

-71- 


CONFIDENTIAL 


(a)  Based  on  NaBH^  In  final  apenC. 
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Filtration  of  the  spent  solutions  to  remove  sodium  chloride  wss  slow 
but  satisfactory.  Usually  5  to  10  pounds  of  filter  aid  were  added  to  the 
centrifuge  to  speed  the  operation.  Sometimes  the  cake  was  pyrophoric^ 
apparently  because  of  unconverted  sodium  or  sodium  hydride.  A  typical  set 
of  analyses  for  this  operation  Is  compared  with  design  figures  in  Table  15. 

TABLE  15 

Spent  Solutions  ~  Dlborane  Generation 
NaBH^-Ansul  Ether  Method 


Unflltered  S 

1  Filtered  Sne 

nt 

I _ Salt  Cake _ 

NsBHa 

(Vt.l) 

iTia^ 

NsBHa 

(Wt.l) 

ip 

■TQn 

VTiAn 

NaBHA 

(Wt.%) 

iPli 

Run  No.  4 
(typical) 
Design 

12.0 

11.8 

H 

1.90 

0.00 

0.60 

0.00 

1.89 

0.00 

2.57 

0.00 

1 

67.1 

94.0 

1.99 

0.00 

4.39 

0.00 

(a)  Spent  was  slightly  acid. 

(b)  Includes  6  lbs.  filter  aid.  Cake  was  pyrophoric. 


In  theory^  the  spent  solution  should  contain  nothing  but  Ansul  Ether 
181  and  salt,  but  It  was  apparent  from  the  analyses  that  the  actual  sltua~ 
tlon  was  more  complicated.  These  solutions  were  generally  quite  active 
with  water  and  continued  to  release  gases  on  standing.  They  had  a 
characteristic  odor  different  from  dlborane.  For  control  purposes,  chloride 
was  reported  as  NaCl  and  alkalinity  as  NaBH^.  Total  boron  was  determined 
by  the  standard  mannltol-borlc  acid  titration.  While  adequate  for  guiding 
the  pilot  plant  operations,  these  reported  analyses  brought  up  Inconsistencies 
which  could  not  be  explained  In  terms  of  simple  chemistry.  The  most  slgnl' 
flcant  conclusion  Is  that  the  solutions  and  solids  contained  boron  values 
that  could  not  be  converted  to  dlborane  through  the  addition  of  boron 
trichloride. 

Data  for  Runs  21  through  40,  which  used  the  modified  process  of  dlborane 
generation,  are  presented  In  Table  16.  This  process  again  proved  successful 
by  providing  an  adequate  and  reliable  supply  of  dlborane  for  pyrolysis 
studies.  Also,  It  offered  certain  advantages  over  the  sodium  borohydrlde- 
Ansul  Ether  process  while  maintaining  equal  or  better  yields  and  gas 
purity:  (1)  the  extra  operations  of  Isolating  and  drying  sodium  borohydrlde, 
as  well  as  subsequent  solutlonlng  In  Ansul  Ether,  were  eliminated;  (2)  the 
solvent  system  employed  was  more  economical;  and  (3)  the  salt  formed  was 
more  readily  filtered. 
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TABLE  16 

Dtborane  Generation  Sunnuirv 
Modified  Proce«B.  Runs  21-40 


Ri 

luifn 

B2«6 

memm 

nim 

■■Rwi 

21 

T-7 

- 1 

34 

108 

7.8 

92 

97 

65 

22 

T-7 

34 

91 

8.2 

90 

97 

86 

23 

R-3 

34 

109 

10.0 

91 

97 

62 

24 

T-7 

34 

100 

13.5 

96 

100 

113 

25 

T-7 

35 

89 

7.3 

80 

92 

69 

26 

T-7 

35 

89 

Chr< 

imatograph  i 

.noperatlve 

27 

T-7 

35 

90 

7.5 

88 

94 

71 

28 

T-7 

35 

88 

5.5 

87 

95 

54 

29 

T-7 

35  &  36 

91 

7.6 

90 

96 

70 

30 

T-7 

36 

84 

6.9 

92 

97 

69 

31 

T-7 

36 

94 

(c) 

- 

85 

- 

32 

T-7 

36 

73 

7.3 

94 

96 

85 

33 

T-7 

36 

81 

5.8 

93 

94 

68 

34 

T-7 

37 

90 

7.5 

88 

88 

70 

35 

T-7 

37 

(d) 

• 

- 

• 

• 

36 

T-7 

37 

92 

10.5 

89 

92 

97 

37 

T-7 

37 

88 

5.9 

87 

92 

63 

38 

T-7 

37 

88 

5.1 

79 

85 

49 

39 

T-7 

38 

88 

8.5 

89 

100 

84 

40 

T-7 

38 

93 

8.6 

97 

100 

78 

Avg. 

89.5 

74 

(a)  Includes  proportionate  share  of  BCI3  used  In  R-2  to  make  feed  slurry. 

(b)  Bssed  on  BCI3  converted. 

(c)  Run  Interrupted  for  3  days.  Purity  low  on  restart  and  gas  vented. 

(d)  T-7  not  completely  emptied  from  previous  run  due  to  gauging  difficulties. 
Dlborane  purity  low  and  gas  vented. 

Although  the  Indicated  yield  of  74  per  cent  was  lower  than  the  87  per 
cent  reported  for  the  sodium  borohydrlde-Ansul  Ether  method,  the  latter 
figure  does  not  Include  the  Step  II  yield  of  83  per  cent  for  producing 
sodium  borohydrlde.  Thus,  the  combined  yield  for  the  two  steps  was  72  per 
cent  and  Is  to  be  compared  with  the  first  figure  above. 
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The  sometimes  gelatinous  and  gassy  character  of  the  feed  slurry  intro¬ 
duced  problems  not  fully  appreciated  from  the  laboratory  studies.  It  was 
found  that  the  Milton  Roy  metering  pump  (P-41)  could  not  reliably  handle 
this  material.  Much  effort  was  expended  toward  its  successful  use,  but 
pumping  difficulties  continued.  Consequently,  the  "tank  method"  of 
diborane  generation  was  utilized. 

In  this  method,  a  charge  of  feed  slurry  from  the  sodium  borohydride 
reactor  (R-2)  was  pumped  into  the  spent  solution  tank  (T-7).  Continuous 
agitation  was  provided  by  both  the  agitator  in  the  vessel  and  by  recircu¬ 
lation  with  the  new  Peerless  Pump  (P-61).  The  tank  was  externally  traced 
with  copper  tubing  which  could  provide  either  cooling  or  heating  with 
steam.  With  cooling  water  circulating  through  the  tracing,  boron  tri¬ 
chloride  was  metered  into  the  vapor  space  above  the  slurry.  Diborane 
was  thus  generated  at  a  uniform  rate  and  fed  to  the  pyrolysis  unit.  Boron 
trichloride  addition  was  stopped  when  the  slurry  became  neutral,  at  which 
time  the  tracing  was  changed  to  a  heating  cycle,  driving  off  residual 
diborane  dissolved  in  the  slurry. 

Even  with  the  tank  method  of  diborane  generation,  high  viscosity 
slurries  caused  operating  difficulties.  First,  the  agitator  in  T~7  was 
not  sturdy  enough  and  tended  to  whip.  This  action  caused  the  mechanical 
seal  to  leak  and  eventually  bhnt  the  agitator  shaft.  A  heavier  duty 
agitator  was  installed  and  was  satisfactory.  Secondly,  the  slurry  some¬ 
times  did  not  flow  sufficiently  well  to  keep  the  suction  of  the 
circulating  pump  (P- 61)  flooded.  This  condition  was  remedied  by  enlarging 
and  changing  the  configuration  of  the  pump  suction  line.  Finally,  level 
indication  in  the  generating  tank  T-7  was  not  reliable  despite  the 
installation  of  an  electronic  level  indicator  (Robertshaw-Fulton  Level-Tel). 
An  overflow  system  was  eventually  determined  as  suitable.  Despite  these 
mechanical  difficulties,  the  over-sll  results  were  generally  satisfactory. 

Filtration  of  the  spent  slurry  was  satisfactory.  In  contrast  to  the 
earlier  process,  no  filter  aid  was  used.  The  change  in  process  did  not 
eliminate  the  occasional  batches  of  pyrophoric  cakes.  Cakes  averaged 
about  50  per  cent  solids. 

* 

As  the  prepilot  plant  program  continued,  the  pyrolysis  and  alkyla¬ 
tion  steps  were  emphasized  while  the  steps  through  diborane  generation 
received  minimum  attention.  Thus,  extensive  calculations  and  material 
balances  were  not  completed  for  Runs  41  snd  beyond.  Essential  informa¬ 
tion  as  to  quantity  and  purity  of  the  diborane  produced  is  included  in 
the  pyrolysis  data  for  those  runs  (Volume  IV) . 
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II.  Operating  Procedures 

A.  Preparation  of  Sodium  PlsperBlon 

Metallic  sodium  (melting  point  98*C)  was  received  In  metal  drums  con¬ 
taining  approximately  106^  135  or  150  pounds  of  bulk  metal.  One  drum  was 
attached  to  reactor  (R-1)  through  a  double  valve  coupling  assembly  and  the 
contents  were  heated  to  approximately  120* C  by  two  band  heaters  (upper  and 
lower).  Simultaneously^  the  sodium  Inlet  line  to  R-1  and  the  valve 
assembly  were  heated  by  a  “Calrod'*  tube  heater. 

An  oil  charge^  weighing  three  times  the  net  content  of  the  sodium 
drum,  was  placed  In  R-1  from  the  metering  tank  (T-1).  The  mineral  oil 
was  heated  to  a  temperature  of  130* C  and  oleic  acid  dispersing  agent 
(0-1000  ml.)  added.  The  agitator  (A-1)  was  started  at  high  speed  and  R-1 
was  placed  on  the  balanced  vent  system  under  a  nitrogen  atmosphere. 

Sodium  addition  was  started  at  such  a  rate  that  the  contents  of  the 
drum  were  added  within  a  period  of  0.3  to  0.8  hour.  Liquid  sodium  In  the 
drum  was  displaced  by  nitrogen.  A  free  flow  of  nitrogen  through  the  drum 
and  valve  assembly  was  one  evidence  of  completed  addition.  After  the 
metal  addltlonj  valves  were  closed  on  the  sodium  drum  and  line,  and  the 
heating  elements  (band  and  tube)  were  switched  off. 

Agitation  of  the  oll-sodlum  mixture  was  continued  at  130*C  for  a 
period  of  about  0.5  hour.  Samples  were  taken  for  particle  size  which  was 
determined  by  use  of  a  microscope  equipped  with  a  graduated  eyepiece.  A 
dispersion  having  an  average  particle  size  of  50  microns  or  less  was  con¬ 
sidered  satisfactory  for  preparation  of  sodium  hydride. 


B.  Preparation  of  Sodium  Hydride 

Reactor  (R-1)  containing  the  sodium  dispersion  was  sealed  and  the  system 
evacuated  to  24  In.  Hg.  and  backfilled  with  hydrogen.  Evacuation  and  back¬ 
filling  were  repeated  to  further  reduce  nitrogen  content  of  R-1. 

Hydrogen  was  supplied  from  12  cylinder  banks  arranged  so  that  one 
half  of  the  bank,  or  six  cylinders,  could  be  used  Independently  of  the 
other  six.  The  contents  of  six  cylinders  were  more  than  enough  for  one 
standard  batch  of  sodium  hydride.  Cylinder  pressure  of  2200  to  2400  pslg 
was  reduced  to  50  pslg  by  a  regulator  and  the  gas  flow  directed  a  flow 
Indicator  and  check  valve  Into  R-1  by  means  of  a  sparging  tube. 


Where  recovered  oil  (reprocessed)  was  used, 


no  dispersing  agent  was  required. 
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The  temperature  of  R-l  was  Increased  from  250* C  to  260*0  and  consump¬ 
tion  of  hydrogen  Increased  with  Increase  in  temperature  commencing  at  170*0 
to  180*0.  Because  the  reaction  forming  sodium  hydride  Is  exothermic.  It 
was  necessary  to  put  the  Aroclor  circulating  system  on  a  cooling  cycle  to 
prevent  overheating  (l.e.,  over  300*0).  Hydrogen  usage  could  be  followed 
on  the  flow  Indicator  but  a  more  reliable  Index  was  the  decrease  In 
cylinder  pressure  as  presented  on  the  hydrogen  regulator  pressure  gauge. 
Hydrogen  addition  was  complete  within  two  or  three  hours  and  the  reaction 
mixture  cooled  to  a  temperature  of  less  than  150*0  before  sampling. 

The  sodium  hydrlde-oll  mixture  was  sampled  for  appearance  and  analyzed 
for  free  sodium  content.  A  good  hydride  batch  has  a  consistency  slightly 
heavier  than  pure  oil  and  a  blue-gray  to  milky  white  appearance.  Free 
sodium  was  determined  by  use  of  a  high  frequency  device  and  a  content  of 
0.5  per  cent  or  less  was  acceptable. 

The  completed  sodium  hydride  batch  was  then  cooled  to  about  110*0 
under  residual  hydrogen  pressure  (20-30  pslg)  In  preparation  for  the  next 
step. 


0.  Preparation  of  Sodium  Borohvdrlde 
(Methyl  Borate  Process > 

A  mixture  of  two  solvents,  tetrahydrofuran  (THP)  and  trlmethyl  borate 
(TMB)  was  prepared  on  an  equlwelght  basis  and  stored  In  tanks  (T-3)  and 
(T-4).  A  total  of  2320  pounds  of  mixed  solvent  was  charged  to  Reactor 
(R-2)  and  then  heated  to  50*0  with  agitation.  R-2  was  placed  on  the 
balanced  vent  system  and  a  batch  of  sodium  hydride  In  oil  was  pumped  In 
via  (P-1)  so  that  the  addition  did  not  take  less  than  one  hour  and  R-2 
temperature  did  not  exceed  60*0.  When  addition  was  complete,  R-1  was  washed 
with  oil  from  T-1  (50-100  lbs.)  and  the  washings  transferred  to  R-2. 

The  prepared  sodium  borohydrlde  slurry  In  R-2  was  maintained  at  a 
temperature  of  50*0  and  solids  removed  by  use  of  the  perforate  basket 
centrifugal  filter  (K-3).  The  basket  was  lined  with  either  paper  or  cloth 
as  a  filter  medium. 

The  sodium  borohydrlde  cake  was  washed  with  fresh  mixed  solvent  (500- 
700  lbs.),*  spun  dry,  and  removed  from  the  filter.  Wash  solvent  filtrate 
was  collected  In  tank  T-22  and  transferred  to  the  fresh  solvent  storage 
tank  (T-3  or  T-A).** 


*The  quality  of  product  Is  directly  related  to  the  quantity  of  wash 
solvent  used. 

Tanks  T-3  and  T-A  were  used  alternately  to  supply  the  batch  charge  to  R-2. 
The  tank  supplying  the  charge  held  the  fresh  wash  from  the  previous  batch 
and  received  the  filtrate  from  the  sodium  borohydrlde  slurry. 
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Sodium  borohydride  filter  cakes,  two  per  normal  batch,  were  removed 
from  the  filter  as  a  wet  cake,  protected  by  a  nitrogen  filled  plastic  bag, 
and  weighed.  The  wet  cake  was  then  spread  on  trays  and  dried  In  a  vacuum 
oven  (D~l)  at  about  84*C  and  a  vacuum  of  24  Inches  (Hg.)  for  at  least 
four  hours.  After  cooling,  the  dried  cake  was  removed  from  the  oven, 
weighed,  sampled  and  stored  In  sealed  metal  drums  with  a  plastic  bag  liner. 

The  filtrate  from  the  borohydride  slurry  was  collected  In  Tank  (T-22} 
and  then  transferred  to  the  batch  charge  tank  (T'S  or  T~4)  for  regenera¬ 
tion  In  the  next  operation. 


D.  Regeneration  of  Trlmethvl  Borate 

The  filtrate  from  the  sodium  borohydride  slurry,  stored  In  either  Tank 
T-3  or  T-4,  was  returned  to  reactor  (R-2)  and  heated  to  50*C  with  agitation. 

The  reactor  (R-2)  was  removed  from  the  balanced  vent  system  and  placed 
on  a  closed  system  with  the  vapor  condensing  facilities  set  for  total 
reflux. 

A  sample  of  the  liquor  was  taken  from  the  recycle  line  and  analysed 
for  NaOCH^  content  by  titration  of  an  aliquot  portion  with  standard  acid 
solution,  using  methyl  red  as  an  Indicator.  This  determination,  also 
obtained  by  use  of  a  high  frequency  device  with  sensing  element  located 
on  the  liquor  recycle  line,  was  used  to  follow  the  reaction. 

The  acid  reagent  was  weighed  and  conducted  Into  R-2  through  a  manifold 
system  which  contained  a  pressure  regulator  (set  to  maintain  a  maximum  of 
15  pslg),  flow  Indicator,  and  check  valve.  Either  boron  trichloride  or 
boron  trlfluorlde  was  used,  supplied  from  cycllnders  containing  100  and  60 
pounds  of  reagent,  respectively.  Boron  trichloride  cylinders  had  a  normal 
pressure  of  20  to  30  pslg,  and  were  heated  by  use  of  bsnd  elements  to 
maintain  pressure  under  flow  conditions. 


E.  Dlborane  Generation 

1.  Sodium  Borohvdrlde-Ansul  Ether  Process 
a.  Solution  Preparation 

Filtered  spent  solution  was  transferred  from  the  filtrate 
receiver  (T-19}  to  the  feed  solution  preparation  tank  (1-5)  by  means' of  s 
transfer  pump  (P-5).  Both  these  tanks,  as  well  as  others  In  the  system, 
were  under  a  3  to  5  pslg  nitrogen  blanket.  A  level  gauge  on  T-5  was  used 
to  determine  when  the  proper  amount  of  solution,  usually  390  pounds,  had 
been  added.  Any  make-up  Ansul  Ether  181  required  was  added  directly  to 
the  tank  from  a  drum  by  an  air-operated  drum  pump. 
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A  batch  of  sodlun  borohydrlde  from  Step  II  was  added  by  hand 
to  the  hopper  above  tank  T-S  after  weighing.  The  ratio  of  NaBH4  to  Ansul 
Ether  was  adjusted  to  result  In  a  nine  per  cent  solution^  approximately. 

The  hopper  was  then  evacuated  and  backfilled  with  nitrogen  to  a  pressure 
of  35  pslg.  The  Jamesbury  ball  valve  between  the  hopper  and  tank  was 
opened  and  the  powdered  sodium  borohydrlde  blown  Into  the  tank.  The 
agitator  was  turned  on. 

The  solution  of  sodium  borohydrlde  In  Ansul  Ether  181  Is 
exothermic.  Without  cooling,  the  temperature  of  the  solution  will  rise 
to  60  to  70*C.  After  some  four  hours,  the  heat  evolution  was  no  longer 
evident  and  the  borohydrlde  was  considered  dissolved. 

Solutions  made  from  sodium  borohydrlde  of  less  than  90  per 
cent  purity  were  filtered  In  K'J  after  several  pounds  of  Cellte  filter 
aid  were  added.  When  greater  than  90  per  cent  purity  sodium  borohydrlde 
was  used,  the  solutions  were  run  through  a  cartridge  filter  at  the 
absorber  Inlet. 

The  batch  of  dissolved  sodium  borohydrlde  was  then  trans* 
ferred  to  the  absorber  tank  (T~9)  by  means  of  pump  (P''5) .  Here  the 
solution  was  recirculated  through  the  absorber  column  (C‘'2)  during  the 
course  of  a  pyrolysis  run  where  It  contacted  the  off-gases  from  the 
pyrolysis  unit,  picking  up  the  unused  dlborane  and  forming  the  adduct 
NaBH4«BH3.  After  this  enrichment  step,  the  batch  of  feed  solution  was 
transferred  to  the  feed  solution  storage  tank  (T-6)  for  metering  to  the 
dlborane  generator. 

Although  feed  solutions  were  prepared  and  handled  In  batches, 
the  above  steps  could  be  carried  out  In  a  manner  which  always  kept  some 
feed  solution  In  tank  T-6.  Thus,  dlborane  generation  could  be  carried 
out  continuously. 


b.  Generation 

Sodium  borohydrlde  solution  and  boron  trichloride  were 
metered  Into  one  end  of  the  dlborane  generator  (R-3)  In  stoichiometric 
proportions.  The  Lapp  Pulsafeeder  (P-4)  maintained  a  constant  solution 
flow  rate  which  was  checked  with  a  flowmeter  and  also  by  periodically 
pumping  Into  a  calibrated  volume  tube.  The  solution  rate  was  carefully 
watched  because  the  metering  pump  sometimes  faltered.  The  major  sources 
of  trouble  In  this  respect  were  (1)  a  gassy  feed  solution  causing  gas 
pockets  In  the  pump  or  suction  line  and  (2)  Inoperative  pump  check  valves 
caused  by  binding  or  solids. 

Boron  trichloride  was  fed  from  a  single  gas  cylinder  heated 
by  an  electric  band  heater.  During  the  summei^  this  heater  was  over-powered 
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and  required  continued  attention.  With  ambient  temperature  of  60* F.  to 
90*Fa  this  heater  could  be  operated  almost  continually  when  feeding  at 
the  normal  rate.  The  boron  trichloride  was  metered  at  15  pslg  In  order 
to  have  a  sufficient  pressure  available  at  the  generator.  It  was  neces~ 
sary  to  steam  trace  and  lag  the  entire  feed  aystem  to  prevent  boron 
trichloride  from  condensing  In  the  rotameter  and  lines.  The  Indicated 
gas  temperature  was  40*C  downstream  of  the  rotameter. 

The  boron  trichloride  feed  rate  was  established  Initially 
from  knowledge  of  the  feed  solution  composition  and  flow  rate.  Minor 
adjustments  were  made  during  the  run  depending  on  the  analysis  of  the 
spent  solution  exiting  from  the  reactor^  l.e.^  whether  It  was  acid  or 
alkaline  In  water  solution.  In  general^  spent  solution  was  kept 
slightly  alksllne  since  an  acid  spent  solution  would  generate  dlborane 
In  contact  with  sodium  borohydrlde  during  preparation  of  the  subsequent 
feed  batch  In  tank  T*5.  Approximately  one  hour  elapsed  before  a  change 
In  feed  rate  to  the  reactor  would  be  fully  reflected  In  the  composition 
of  the  spent  solution. 

Because  the  reaction  to  form  dlborane  Is  exothermic,  cooling 
water  flow  was  maintained  through  the  first  two  of  the  three  Jacket  sec 
tlons  on  the  dlborane  generator,  R*3.  The  moderate  temperature  minimised 
side  reactions.  Including  breakdown  of  the  Ansul  Ether.  The  reactor  screw 
revolved  at  approximately  one  rpm  and  effectively  prevented  reactor 
plugging.  The  reactor  In  the  decaborane  unit  previously  operated  by  AFN,  ♦ 

Inc.  had  no  Internal  screw,  and  plugging  had  been  a  recurring  problem. 

Dlborane  left  the  opposite  end  of  the  reactor  from  the  feed. 

Before  being  sampled  and  metered  to  the  pyrolysis  section,  the  dlborane 
passed  through  a  cold  trap  (B~2)  maintained  at  ■‘40*F.  to  ~80*F.  with  dry 
Ice.  The  cold  trap  collected  about  eight  ounces  of  liquid  during  a  24 
hour  period  of  operation.  This  liquid  was  evacuated  down  the  wet  vacuum 
pump.  The  combined  volume  of  R-3  and  the  spent  solution  of  receiver  T’?, 
both  Initially  filled  with  nitrogen,  was  large  In  relation  to  the  dlborane 
generation  rate.  Because  of  this,  dlborane  purity  was  low  for  several 
hours  at  the  start  of  a  run.  High  purity  dlborane  was  obtained  more 
quickly  by  starting  the  run  with  the  dlborane  generating  section  under  a 
vacuum.  Since  an  Influx  of  air  could  result  In  an  Internal  explosion, 
the  system  was  always  thoroughly  checked  for  tightness  before  feeding 
the  reactants  to  the  generator. 


c.  Spent  Solution  Filtration 

The  spent  solution  was  filtered  In  the  Tolhurst  20  Inch 
centrifuge  using  paper  (Rochester  Paper  Co.  Code  1171).  Cotton  canvas  was 
used  In  some  runs  but  It  became  embrittled  and  was  difficult  to  use. 
Several  pounds  of  Cellte  505  or  Hl~Flo  Super  Cel  filter  aid  were  placed 
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in  the  bowl  prior  to  the  filtration.  Often  some  filter  aid  was  added  to 
the  spent  liquor  as  well.  The  centrifuge  bowl  had  to  be  emptied  before 
the  filtration  was  complete  because  of  the  large  amount  of  salt  cake. 

This  intermediate  cleaning  resulted  in  some  lost  time  since  it  was  neces¬ 
sary  to  evacuate  the  centrifuge  before  opening  it. 

A  more  practical  procedure  for  filtration  was  to  pump  all 
the  spent  solution  through  K~3,  neglecting  any  overflow  over  the  basket. 
The  solids  were  then  removed  and  the  filtrate  cleaned  by  recirculation. 
Four  to  six  hours  were  generally  necessary  to  complete  the  filtration. 
However^  60  to  70  per  cent  of  the  salt  could  be  removed  in  the  first  pass 
which  could  be  completed  in  10  to  15  minutes. 

The  salt  cake  was  a  rather  solid  mass  similar  in  consistency 
to  wet  clay  and  ten  minutes  or  more  were  required  to  remove  this  cake. 
Often  the  cakes  were  pyrophoric  but  the  fires  were  smothered  by  closing 
K‘’3  and  Introducing  nitrogen.  No  correlation  was  obtained  between  the 
length  of  time  taken  to  evacuate  K-3  and  the  tendency  of  the  salt  cake  to 
become  pyrophoric.  K-3  was  evacuated  for  20  minutes  to  as  much  as  several 
hours  prior  to  being  opened. 

2.  Modified  Process 

a.  Feed  Slurry  Preparation 

A  heel  from  the  previous  batch  of  feed  solution  was  left  in 
Che  Step  II  Reactor  (R~2).  The  quantity  of  heel  was  not  important  if  the 
minimum  of  about  100  pounds  was  exceeded.  Since  R-2  was  not  equipped 
with  a  level  indicator,  the  volume  of  heel  had  to  be  estimated^  a  diffi¬ 
cult  task  in  this  round  bottom,  completely  enclosed  vessel.  Usually  the 
vessel  was  stick- gauged,  but  even  this  was  not  accurate  because  of  the 
round  bottom.  Moreover,  opening  the  vessel  consumed  time  in  bolt  removal 
and  replacement  around  the  sight  glass,  and  in  eliminating  any  air  that 
might  have  entered. 

Recycle  filtered  spent  from  Step  III  was  added  to  R-2  from 
storage  tank  T-4  after  analysis  for  diglyroe  (Ansul  Ether  141).  Usually 
two  batches  of  sodium  hydride  with  their  oil  rinses  were  pumped  over 
from  Step  I.  Make-up  mineral  oil  and  diglyme  were  then  added  to  bring 
Che  charge,  exclusive  of  heel,  into  the  following  ratio:  82  mineral  oil, 

9  diglyme,  9  sodium  hydride. 

Boron  trichloride  and  boron  trifluoride  were  then  simul¬ 
taneously  metered  into  the  vapor  space  of  R-2.  At  first,  electric  band 
heaters  were  used  to  vaporize  boron  trichloride  from  10  pound  (wt.) 
cylinders  placed  on  weigh  scales.  Eventuall'  a  steam- jacketed  metering 
tank  was  installed.  This  was  filled  Intermittently  from  a  one  ton 
i'ncminal)  cylinder.  Three- fourths  of  the  total  acid  reagent  required 
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to  neutralize  the  sodium  hydride  was  added  at  this  point  with  boron  trl~ 
fluoride  making  up  2  to  5  per  cent  of  this  amount.  Cooling  water  on  the 
jacket  of  R-2  along  with  an  external^  refrigerated  exchanger  removed  the 
heat  of  reaction  and  maintained  the  reactor  temperature  at  30  to 

As  In  the  Initial  process^  feed  solution  was  utilized  In 
tank  T~9  and  absorber  column  C-2  to  remove  residual  dlborane  from 
pyrolysis  off-gases.  In  the  modified  process^  however^  the  material 
used  was  the  diluted  sodium  hydride  slurry  before  BCl^  addition.  Thus, 
the  chemical  reaction  Involved  was: 

2NaH  +  BjHg - ^2NaBH4 

b.  Generation 

The  prepllot  plant  was  equipped  to  generate  dlborane  In 
much  the  same  way  as  previously,  l.e.,  by  metering  both  feed  solution  and 
boron  trichloride  In  stoichiometric  proportions  to  R-3.  However,  opera¬ 
ting  difficulties  led  to  the  discontinuance  of  this  system  In  preference 
to  the  "tank  method".  These  difficulties  centered  around  the  new  Milton 
Roy  metering  pump  Installed  to  move  the  feed  slurry  from  tank  T-5  Into 
the  reactor  (R-3).  (The  Lapp  Pulsafeedei;  used  previously,  lacked  capa¬ 
city  for  this  method  because  the  sodium  borohydrlde  concentration  In  the 
feed  slurry  was  about  one-third  that  of  the  previous  method.)  Performance 
of  the  pump  was  extremely  erratic  and  unreliable,  again  because  of  the 
gassy  nature  of  the  feed  slurry  and  the  problem  of  solids  affecting 
check  valve  operation.  Also  the  slurry  tended  to  be  gelatinous  and  some¬ 
times  did  not  flow  smoothly  enough  to  flood  the  pump  section. 

In  the  tank  method, a  charge  of  feed  slurry  amounting  to 
about  one-third  of  an  R-2  batch  was  put  In  tank  T-7.  Boron  trichloride 
was  metered  directly  Into  the  vapor  space  of  the  tank.  Cooling  colls  were 
added  to  the  outside  of  the  tank  to  remove  the  heat  of  reaction.  The 
solids  were  kept  In  suspension  by  the  agltstor  and  by  external  recircula¬ 
tion  (pump  P-51).  The  rate  of  boron  trichloride  addition  was  adjusted  to 
give  the  desired  rate  of  dlborane  generation  and  was  continued  until  the 
slurry  In  T-7  was  neutral.  At  that  time  the  colls  on  the  outside  of  the 
tank  were  changed  to  a  heating  cycle  to  drive  off  dissolved  dlborane. 

Final  slurry  temperatures  of  50  to  70'’C  were  obtained. 

Other  aspects  of  the  dlborane  generation  were  the  same  as 
previously  with  the  dlborane  passing  through  cold  trap  E-2  before  being 
sampled  and  metered.  A  wet  test  meter  using  mineral  oil  as  the  seal 
fluid  was  Installed  In  the  dlborane  line  to  provide  better  material 
balance  Information. 
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c.  Spent  Solution  Filtration 

Following  completion  of  a  dlborane  generation  run^  the 
spent  solution  was  filtered  In  centrifuge  K~3.  This  was  similar  to  the 
method  used  previously  except  that  all  the  salt  produced  In  R~2  and  In 
dlborane  generation  was  filtered  at  this  time.  Hence  the  centrifuge  was 
normally  emptied  four  times.  Since  there  was  no  longer  any  THF  or  TMB 
In  the  system,  tanks  T~19  and  T-22  could  be  used  Interchangeably.  One 
was  generally  used  as  a  hold  tank  for  slurry  to  be  centrifuged  and  the 
other  as  the  filtrate  receiver.  Thus  It  was  possible  to  empty  tank  T-7, 
recharge  It  with  a  new  batch  from  R~2,  and  resume  dlborane  generation 
with  a  minimum  of  lost  time. 

After  filtration,  oil  could  be  recovered  for  reuse  In 
Step  I  as  In  the  past  by  steaming,  drying  and  filtering. 
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SECTION  TWO 

HYDROGENATION  OF  BORON  TRICHLORIDE 


BACKGROUND  INF(»MATI(M< 


The  obvious  economic  advantages  offered  by  a  more  direct  dlborane 
process  eliminating  use  of  an  active  metal  spurred  AFN^  Inc.  In  early 
1958  to  Investigate  the  reduction  of  boron  trichloride  with  hydrogen. 

A  series  of  experiments  conducted  In  the  laboratories  of  National  Dis¬ 
tillers  and  Chemical  Corporation  at  Cincinnati,  Ohio  demonstrated  the 
feasibility  of  such  a  process,  described  by  the  following  reactions: 


BCI3  +  +  HCl 

6BHC12., _ ■-B2H6  +  ^BCl3 


In  a  typical  experiment,  hydrogen  and  boron  trichloride  were  pre¬ 
mixed  In  the  gaseous  state  at  atmospheric  pressure  In  a  mole  ratio  of 
14  hydrogen  to  1  boron  trichloride  and  then  passed  through  a  glass 
reactor  at  620*C  (1148®F.)  containing  silver  metal  granules.  Residence 
time  of  the  gases  was  0.2  second.  Based  on  a  feed  stream  containing  1 
mole  of  BCI3  and  14  moles  of  H2,  the  reactor  effluent  had  the  following 
composition: 


BHCI2  -  0.450  moles 

HCl  -  0.474  moles 

BCI3  -  0.542  moles 

H2  -  13.534  moles 

15.000  moles 


The  gas  mixture  was  cooled  and  passed  through  a  separation  system 
which  utilized  activated  carbon  and  dlchloroethyl  ether.  HCl  was 

recovered  quantitatively.  The  mixture  of  BHCI2  and  BCl^  recovered  from 
the  separation  system  was  refluxed  to  disproportionate  the  BHCI2  and 
yielded  0.075  mole  of  B2Hg.  Based  on  the  data  thus  obtained,  the  conver¬ 
sion  of  BCI3  to  BHCI2  was  45  per  cent,  and  the  yield  of  B2Hg,  based  on 
BCI3  consumed,  was  95  per  cent. 


These  excellent  results  provided  the  basis  for  an  extension  of  the 
existing  contract,  AF  33(600)-35745  Involving  a  more  complete  study  and 
scale-up  of  this  process.  Eventually  a  50  pound  per  day  pilot  plant  was 
designed,  built  and  operated  at  American  Potash  &  Chemical  Corporation's 
Henderson,  Nevada  facility. 
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The  combined  efforts  of  AFN^  Inc, "s  three  partners  in  implementing 
this  program  are  reported  here.  Specifically^  National  Distillers  and 
Chemical  Corporation  continued  the  laboratory  development,  FMC  Corpora¬ 
tion  investigated  the  process  on  the  prepilot  plant  scale,  and  American 
Potash  &  Chemical  Corporation  carried  out  the  pilot  plant  operations. 


SUMMARY 


Laboratory  Development 

The  effects 
trichloride  were 

of  important  parameters  on  the  hydrogenation  of  boron 
determined  in  the  laboratory  as  follows: 

Cata lyst 

Silver  screens  reduced  required  reactor 
residence  time  by  a  factor  of  about  7  and 
were  unaffected  by  reaction  conditions. 
Other  catalysts  tested,  copper,  carbon, 
palladium  on  carbon,  and  platinum  on  carbon 
were  less  effective  and  reduced  yields. 

Residence 

Time 

Catalyst  and  other  reaction  conditions 
determined  optimum  time. 

Temperature 

Conversion  of  BCl^  increased  with  increased 
temperature,  but  very  high  temperatures 
caused  elemental  boron  formation.  Optimum 
was  700"C. 

Pressure 

- 

Increased  pressure  increased  reaction  rate 
and  reduced  necessary  residence  time. 

Ratio  of 
Reactants 

Conversion  of  boron  trichloride  increased 
with  increased  H2  concentration.  At  700’’C, 
BClo  conversion  was  39%  when  H2:BCl2  mole 
ratio  was  14;  about  20%  when  ratio  was  3. 

These  results  must  be  coupled  with  engineering  and  economic  factors 
for  the  determination  of  optimum  reactor  conditions. 

Absorption  in  liquid  BCI3  was  found  to  be  the  most  feasible  method 
for  separating  the  reaction  products.  Other  methods  examined  and  deter¬ 
mined  to  be  potentially  suitable  but  less  atti' active  were  (1)  absorption 
by  complextng  with  diphenyl  sulfide,  (2)  adsorption  on  carbon,  (3)  gaseous 
diffusion,  and  (A)  absorption  in  hexane. 
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Disproportionation  of  dlchloroborane  to  form  B2Hg  was  accomplished 
rapidly  and  quantitatively  through  the  use  of  a  distillation  column 
charged  with  a  mixture  of  boron  trichloride  and  dlchloroborane. 

Both  the  hydrogenation  and  disproportionation  reactions  are  reversible. 
Rate  constants  for  the  back  reactions  were  determined  and  other  factors 
were  evaluated  to  guide  the  process  design.  Physical  and  chemical  data 
pertinent  to  design  were  accumulated. 


Prepilot  Plant  Evaluation 

Prepilot  plant  investigations^  carried  on  concurrently  with  the 
laboratory  development  program^  demonstrated  that  silver  catalyzed  hydro¬ 
genations  reached  chemical  equilibrium  within  0.13  second  residence  time 
at  ISOO^F.  (704*0)  and  80  to  100  pslg  pressure.  The  silver  catalyst  was 
unaffected  by  the  net  four  and  one-half  days  it  was  operated  in  an  inte¬ 
grated  prepilot  plant  and  therefore  has  a  life  far  in  excess  of  this 
period. 

Of  various  materials  of  construction  tested^  which  included  carbon 
steel.  Type  347  stainless  steel,  nickel  and  monel,  only  silver- lined  (not 
plated)  equipment  had  adequate  corrosion  resistance  for  use  as  the  boron 
trichloride  preheater,  reactor  and  aftercooler.  Introduction  of  hydrogen 
before  the  boron  trichloride  was  heated  appreciably  was  also  necessary  for 
good  corrosion  resistance  of  the  preheater.  In  addition,  highly  purified 
boron  trichloride  was  found  to  be  important  in  avoiding  chemical  attack  of 
the  silver  catalyst. 

Operation  of  the  Integrated  prepilot  plant  incorporating  the  three 
principal  process  steps  (hydrogenation,  separation  and  disproportionation) 
was  uniform,  reproducible,  and  predictable.  No  real  loss  in  yield  of 
^2^6  detected  and  no  evidence  was  found  that  any  undesired  products 
were  formed. 

Two  problems  which  arose  in  evaluating  performance  were  (1)  showing 
that  HCl  was  stripped  from  the  BHCI2  and  BCI3  in  the  absorber  and  (2) 
finding  the  cause  of  an  apparent  ^2^(>  The  runs  in  which  HCl  was 

not  properly  stripped  were  finally  shown  to  have  had  little  if  any  flow 
of  stripping  H2,  because  of  plugging  of  the  small  orifice  which  regulated 
its  flow.  The  apparent  loss  in  B2H5  was  shown  to  have  been  due  to  con¬ 
densation  and  trapping  of  liquid  B2H5  or  liquid  B2Hg-HCl  mixtures  in  the 
condenser  of  the  dlsproportlonator. 

Adequate  information  was  obtained  to  guide  the  design  and  operation 
of  the  pilot  plant. 
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Pilot  Plant  Design  ♦ 

Laboratory  and  prepllot  plant  data  were  used  to  design  a  fifty  pound 
per  day  dlborane  pilot  plant  at  American  Potash  &  Chemical  Corporation’s 
Henderson^  Nevada  facility.  The  unit  closely  resembles  a  petroleum 
refinery  In  operation  and  appearance  since  most  of  the  processing  Is 
carried  out  In  distillation  and  absorption  columns. 

Common  materials  of  construction  and  standard  models  of  pumps^  com° 
pressors  and  other  equipment  were  utilized.  However^  the  catalytic 
hydrogenation  reactor  and  Its  related  heat  exchanger  were  silver  lined. 

Design  temperatures  ranged  from  1300*F.  (reactor)  to  -lOO^F.  (dlborane 
condenser) I  pressures  were  moderate^  300  pslg  or  less.  A  unique  system 
was  designed  to  provide  the  three  levels  of  refrigeration  required  (■°20‘’F., 

“SO^F.  and  -100°F.).  Safety  of  operating  personnel  was  provided  through 
the  use  of  outdoor  construction^  the  observance  of  established  standards 
and  codes,  the  provision  of  special  venting.  Inerting,  and  waste  destruc¬ 
tion  facilities,  and  other  protective  measures. 

Commercially  available  grades  of  boron  trichloride  and  hydrogen  were 
to  be  used  as  raw  materials,  although  a  boron  trichloride  distillation 
column  was  Installed  for  purification  of  a  supply  of  Air  Force  boron  tri¬ 
chloride  having  a  high  phosgene  content. 


Pilot  Plant  Operation 

Following  an  Initial  period  of  training,  equipment  cleaning  and  testing, 
sixteen  runs  were  made  In  the  dlborane  pilot  plant.  The  unit  performed 
essentially  as  designed  except  for  one  process  problem^  the  absorbers  had 
Insufficient  capacity  to  make  a  complete  separation  of  hydrogen  chloride 
and  dlchloroborane  at  design  flow  rates.  However,  a  dlborane  product  of 
99  per  cent  purity  was  obtained  by  reducing  reactor  feed  rates  to  60  per 
cent  of  design. 

The  catalytic  hydrogenation  reactor  operated  for  a  total  of  more 
than  1300  hours  without  Indication  of  a  decrease  In  silver  catalyst  acti¬ 
vity  or  of  a  corrosion  problem.  The  design  conversion,  20  per  cent,  of 
boron  trichloride  to  dlchloroborane  was  demonstrated  at  design  flow  rates. 
The  silver-lined  reactor  effluent  cooler  was  effective  In  quickly  quenching 
the  reaction  products  and  thereby  preventing  back  reaction  to  detract  from 
the  reactor  performance. 

Changing  the  packing  In  the  absorbers  to  a  small  size  was  not  success¬ 
ful  In  Improving  the  efficiency  of  the  HCI-BHCI2  separation  because  of 
flooding  problems.  Best  results  were  obtained  by  Insuring  a  cold 
absorbent  to  the  secondary  absorber,  carefully  controlling  the  operation 
of  the  hydrogen  chloride  fractionator  to  eliminate  hydrogen  chloride  from 
the  absorbent,  and  heating  the  stripping  gas  to  the  primary  absorber.  The 
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analytical  problems  involved  in  assaying  small  quantities  of  hydrogen 
chloride  in  a  stream  containing  boron  trichloride  prevented  the  deter¬ 
mination  of  which  column  fell  short  of  design  expectations.  Nevertheless^ 
it  was  concluded  that  the  desired  separation  could  be  made  by  longer 
columns. 

No  back  reaction  took  place  in  the  absorption  columns^  but  some  did 
occur  in  the  hotter  distillation  columns.  This  was  effective  in  improving 
the  purity  of  the  product  diborane  and  by-product  hydrogen  chloride.  The 
disproportionation  and  fractionation  columns  satisfactorily  performed 
their  functions. 

Because  none  of  the  pilot  plant  equipment  was  spared^  mechanical 
problems  sometimes  interfered  with  smooth  operations  and  reduced  product 
yields  and  purities.  Several  improvements  in  mechanical  equipment  were 
made  during  the  course  of  operations^  and  the  knowledge  gained  would  be 
important  in  the  specification  and  selection  of  equipment  for  a  larger 
plant.  ThiSj  coupled  with  the  proper  sparing  of  critical  equipment 
items,  could  be  expected  to  result  in  reliable  over-all  plant  performance. 

The  pilot  plant  production  of  both  diborane  and  anhydrous  hydrogen 
chloride  in  purities  of  99  per  cent  and  yields,  based  on  BCI3  consumed, 
of  95  per  cent  suitably  demonstrated  AFN,  Inc.’s  diborane  process.  The 
data  and  experience  gained  were  adequate  to  permit  the  design  of  a 
larger  scale  plant  with  the  confidence  of  attaining  continuity  of  opera¬ 
tion  with  improved  purities  and  yields. 


LABORATORY  DEVELOPMENT 


I.  Process  Description 

Boron  trichloride  and  hydrogen  react  in  the  gas  phase  at  elevated 
temperatures  to  produce  dichloroborane  in  accordance  with  the  following 
equation: 


BCI3  +  H2  »  *~  BHCI2  +  HCl 

This  reaction  is  reversible  and  the  composition  reached  at  equilibrium 
depends  upon  reactor  conditions.  The  free  energy  change  in  this  reaction 
is  such  that  conversion  to  BHCI2  Increases  with  rising  temperature.  At 
ambient  temperature,  the  equilibrium  is  displaced  almost  completely  to 
the  left,  and  isolation  of  product  depends  on  the  fact  that  the  back 
reaction  proceeds  extremely  slowly  at  ordinary  temperatures. 

Since  the  dichloroborane  is  obtained  in  admixture  with  hydrogen, 
boron  trichloride  and  hydrogen  chloride,  an  essential  element  of  the 
process  Is  the  means  of  separating  it  from  the  other  constituents. 
Furthermore,  each  of  the  other  components  must  also  be  recovered  effi¬ 
ciently  and  in  pure  form  for  recycle  to  the  reactor. 
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The  dlchloroborane  can  be  dlsproporClonated  to  diborane  and  boron 
trichloride,  according  to  Che  equation: 

6BHCI2  ^  BjHg  +  BCI3 

This  reaction  Is  also  reversible  and  can  be  driven  all  the  way  Co  Che 
right  only  If  one  of  Che  components  Is  continually  withdrawn.  This  Is 
accomplished  by  Caking  advantage  of  Che  much  greater  volatility  of 
diborane  over  that  of  boron  trichloride. 

In  Che  development  of  these  process  steps,  the  following  are  of 
oujor  Importance: 

Development  of  a  catalyst  of  maximum  activity  and  life. 
Determination  of  Che  optimum  reaction  parameters. 

Obtaining  optimum  yields  and  corverslons. 

Separation  of  dlchloroborane  from  the  reaction  mixture. 
Obtaining  maximum  yield  In  Che  disproportionation. 

Separation  and  purification  of  diborane  product. 


II.  Hydrogenation  of  Boron  Trichloride 

A.  Effect  of  Variables 

The  most  Important  variables  affecting  the  percentage  of  boron  tri¬ 
chloride  which  Is  converted  to  dlchloroborane  are  temperature  and  Che 
mole  ratio,  H2/BCI3.  Pressure  was  also  found  to  exert  an  Influence  on 
Che  conversion.  The  rate  of  reaction  was  found  to  be  Increased  greatly 
by  Che  use  of  certain  catalysts  and,  as  would  be  expected,  by  pressure. 

The  yields  have  been  found  to  depend  chiefly  on  temperature, 
residence  time  and  type  of  catalyst.  The  determination  of  yield  depends 
on  measurement  of  Che  amount  of  BHCI2  formed  compared  Co  Che  loss  of  BCI3. 

1.  Temperature 

Initial  experiments  (Table  17)  Indicated  that  the  conversion  of 
BCI3  Co  BHCI2  increased  with  rising  temperature  In  the  range  of  600  to 
700°C.  This  effect  is  shown  In  Figure  12.  It  was  also  noted  that  a 
longer  residence  time  at  700'’C  resulted  In  a  lowered  conversion. 

Since  Che  longer  residence  time  was  achieved  by  reducing 
reactor  ChrupuC,  it  was  felt  Chat  Che  slower  cooling  at  Che  reactor 
exit  which  accompanied  Che  reduced  flow  rate  probably  permitted  Che 
reaction  Co  shift  back  Co  Che  left  (back  reaction).  Therefore,  further 
reactions  were  conducted  In  a  new  quartz  reactor  In  which  the  reactor 
tube  converges  to  a  small  bore  Inntedlately  after  the  hot  reaction  zone. 
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TABLE  17 

Hydrogen- Boron  Trichloride  Reaction  Data 


Expt. 

No. 

Temp. 

(“C) 

Press. 

(aCm.) 

Residence 
Time 
(sec. ) 

Mole 

Ratio 

(H2/BCI3) 

Conv. 
to  BHCl- 
(7.) 

Catalyst 

A2£- 

66 

596 

1 

0.08 

14.0 

20.5 

Silver;  granular 

68 

610 

1 

G.08 

14.2 

16.6 

Silver,  granular 

70 

636 

1 

0.07 

13.9 

11.8 

Silver,  granular 

7A 

655 

1 

0.14 

14.9 

21.1 

Silver,  granular 

72 

652 

1 

0.15 

28.2 

22.6 

Silver,  granular 

78 

620 

1 

0.20 

15.5 

11.0 

Silver  screen 

81 

620 

1 

0.51 

15.4 

23.8 

Silver  screen 

89 

620 

1 

0.52 

14.8 

26.2 

Silver  screen 

83 

620 

1 

0.81 

14.4 

25.2 

Silver  screen 

85 

700 

1 

0.21 

14.3 

34.7 

Silver  screen 

87 

700 

1 

0.50 

15.7 

39.0 

Silver  screen 

91 

700 

1 

0.82 

13.2 

35.0 

Silver  screen 

93 

700 

1 

0.20 

7.0 

22.7 

Silver  screen 

95 

700 

1 

0.50 

8.1 

29.0 

Silver  screen 

97 

700 

1 

0.79 

8.3 

29.6 

Silver  screen 

101 

700 

1 

0.53 

4.0 

19.0 

Silver  screen 

103 

700 

1 

0.79 

3.7 

20.0 

Silver  screen 

99 

700 

1 

0.26 

34.8 

50.3 

Silver  screen 

2M- 

268 

620 

10.2 

0.10 

14.0 

19.2 

Silver,  granular 

269 

620 

10.2 

0.20 

14.0 

20.6 

Silver,  granular 

271 

700 

10.2 

0.10 

14.0 

25.8 

Silver,  granular 

270 

700 

10.2 

0.20 

14.0 

22.8 

Silver,  granular 

272 

750 

10.2 

0.08 

14.0 

28.8 

Silver,  granular 

259 

750 

10.2 

0.20 

14.0 

25.5 

None 

256 

750 

10.2 

0.29 

14.0 

28.5 

None 

260 

750 

10.2 

0.55 

14.0 

23.1 

None 

263 

750 

10.2 

0.29 

3.7 

14.4 

None 

262 

750 

10.2 

0.29 

6.0 

19.5 

None 

264 

700 

10.2 

0.55 

!A.O 

22.2 

_  _  - 

None 
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This  permitted  the  hot  gases  to  enter  the  cooling  zone  at  a  rapid  rate  and 
was  intended  to  prevent  an  equilibrium  shift.  The  results^  shown  in  Table 
18j  indicated  that  the  equilibrium  shift  was  considerably  repressed. 

TABLE  18 

Hvdrogen-Boron  Trichloride  Reaction  Data 
Rapid  Cooling 


Expt. 

No. 

Temp. 

(“0 

Press. 

(atm.) 

Residence 

Time 

(sec.) 

Mole 

Ratio 

(H2/BCI3) 

Conv. 

Yield 

(%) 

498° 

108 

700 

1 

■i 

15.9 

30.3^®^ 

101.3 

110 

700 

1 

15.9 

36.7 

101.4 

112 

700 

1 

0.8 

13.4 

35.1 

101.0 

114 

700 

1 

0.8 

13.6 

34.5 

100.6 

121 

700 

1 

15.6 

36.9 

100.0 

127 

B 1 

1 

15.9 

35.7 

100.8 

129 

^ET^I 

1 

15.1 

36.3 

97.3 

131 

BT^I 

1 

0.2 

13.9 

34.3 

101.9 

117 

V '  s 

1 

0.5 

15.8 

37.3 

93.4 

119 

K  \  9 

1 

0.2 

12.3 

38.2 

89.9 

133 

750 

1 

0.55 

2.75 

21.2 

101.3 

(a)  Conditioning  experiment. 


In  this  series  of  runs,  temperatures  up  to  750‘'C  were  employed 
and  it  was  observed  that  yields  began  to  decline  at  that  temperature, 
even  at  the  lower  residence  times.  From  earlier  work,  it  was  believed 
that  higher  mole  ratios  of  H2/BCI3  increased  the  tendency  toward  low 
yield.  The  data  in  Table  18  show  that  at  750°C  when  the  H2/BCI3  mole 
ratios  were  reduced  to  2.75,  there  was  no  lowering  of  the  yield  although 
at  higher  mole  ratios  the  yield  was  decreased.  Another  point  of 
interest  is  that  conversions  rose  very  little  in  going  from  700°C  to 
750‘'C.  Determinations  of  conversions  and  yields  were  made  by  chemical 
analysis.  Experimental  determinations  of  the  boron  balance  may  have 
been  inaccurate  by  as  much  as  one  or  two  per  cent.  Wl.en  yields  were 
that  close  to  100  per  cent,  it  was  considered  that  yields  were  essen¬ 
tially  quantitative.  This  was  supported  by  the  fact  that  under  those 
conditions  the  IR  spectra  showed  no  constituents  other  than  those 
accounted  for  in  the  chemical  analysis,  and  no  boron  was  found  on  the 
silver  catalyst.  On  the  other  hand,  when  yields  were  lower,  boron  was 
found  tn  the  catalyst. 
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2.  Catalysts  and  Residence  Time 

The  residence  time  Is  defined  as  the  amount  of  time  which  the 
Introduced  gases  spend  In  the  reaction  zone^  and  It  Is  computed  as: 

Free  volume  In  the  reactor  zone 
Volume  of  flow  of  gases  per  second 

The  volume  of  gas  flow  Is  based  on  the  temperature  and  pressure  existing 
In  the  reaction  zone.  Since  there  Is  no  change  In  the  number  of  moles  of 
gas  produced  compared  to  those  Introduced,  no  correction  for  volume  change 
Is  required  In  calculating  the  residence  time. 

The  rate  of  reaction  evidently  determines  the  residence  time 
required  to  reach  equilibrium.  Too  high  a  residence  time  will  permit 
decomposition  to  boron  and  consequent  loss  In  yield.  There  Is  a  limita¬ 
tion,  therefore,  on  residence  time.  Furthermore,  use  of  a  shorter 
residence  time  permits  the  use  of  a  correspondingly  smaller  reactor.  An 
Increase  In  the  rate  of  reaction  will  lead  to  a  shorter  residence  time, 
and  this  effect  has  been  accomplished  by  the  use  of  catalysts,  In  particular, 
carbon,  copper  and  silver.  The  required  residence  times  at  atmospheric 
pressure  using  silver  as  a  catalyst,  compared  to  the  use  of  a  void  reactor 
tube,  were  found  to  be  much  smaller  as  shown  In  Figure  13.  In  Table  19 
data  are  given  which  show  results  obtained  with  different  catalysts  as 
well  as  without  catalyst. 


TABLE  19 

Effect  of  Catalyst 


Expt. 

No. 

Temp. 

("C) 

Residence 

Time 

(sec.) 

Mole 

Ratio 

(H2/BCI3) 

Conv. 
to  BHCI2 

Yield  of 
BHCI2 

(X) 

Catalyst 

700 

0.76 

WESM 

24.4 

100.0 

None 

700 

1.75 

34.1 

97.9 

None 

H-59 

700 

3.51 

m 

41.8 

99.9 

None 

266- 

^1 

0.2 

14.0 

3.6 

- 

None 

0.2 

14.0 

45.0 

99.4 

Silver 

620 

0.2 

14.0 

32.1 

66.0 

Copper 

620 

0.65 

14.0 

25.6 

87.3 

Carbon 

230 

620 

0.48 

14.0 

22.4 

72.4 

Pd.  on  C 

236 

620 

0.61 

14.0 

20.7 

57.1 

Ft .  on  C 
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Figure  13,  Conversion  to  BHCI2  vs.  Residence  lime 
Temp.  -  700®C;  Mole  Ratio  H2/BCI3  *  14 
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Carbon  and  copper  have  the  undesirable  property  of  reducing  the 
yleldj  possibly  because  of  boride  formation.  In  the  case  of  copper^  an 
Increase  In  discoloration  with  continued  use  Is  readily  observed.  With 
silver^  a  brownish-black  discoloration  Is  observed  where  the  gases  enter, 
but  the  discoloration  appears  to  progress  at  a  negligible  rate.  If  at  all. 
It  Is  not  certain  whether  this  discoloration  Is  due  to  boron  or  to 
Impurities  In  the  BCI3  or  U2  (sulfur  compounds,  for  example).  The  large 
bulk  of  the  silver  remains  bright  and  silvery  through  the  course  of  many 
runs.  Silver  shows  no  tendency  to  Induce  loss  of  yield  and  Is  conse¬ 
quently  the  preferred  catalyst. 

Granular  silver  of  40  to  60  mesh  size  gave  excellent  results  at 
very  low  residence  times,  but  It  has  some  physical  deficiencies;  sintering 
of  the  silver  catalyst  was  observed  to  occur.  This  apparently  caused 
shrinkage  of  the  catalyst  bed  and  consequent  channeling  of  reactor  gases 
through  the  bed.  Successive  decreases  In  conversion  for  Experiments 
498-66,  68  and  70  were  attributed  to  this  by-passing  of  the  catalyst  by 
the  reaction  gases.  Experiments  498-72  and-74,  which  were  made  after 
collapsing  the  glass  wall  of  the  reactor  to  close  any  channels  caused 
by  shrinkage  of  the  catalyst,  resulted  In  higher  conversions.  This 
appeared  to  substantiate  the  supposition  that  channeling  was  responsible 
for  decreased  yields.  To  overcome  the  channeling  problem,  silver  screens 
were  Investigated  as  catalysts. 

When  silver  screens  were  substituted  for  the  granular  silver 
catalyst,  test  runs  became  more  reproducible  than  had  been  the  case  with 
the  granular  catalyst.  However,  higher  residence  times  were  required  to 
obtain  comparable  yields.  This  effect  was  evidently  due  to  the  lesser 
surface  available. 

The  catalytic  effect  of  the  silver  may  Involve  an  activation  of 
either  the  hydrogen  or  boron  trichloride  by  adsorption  on  the  surface;  It 
also  serves  as  an  excellent  heat  transfer  medium  to  bring  the  reacting 
gases  quickly  to  the  reaction  temperature. 

The  use  of  elevated  pressure  reduces  the  necessary  residence 
time  greatly.  This  effect  would  be  expected,  since  It  amounts  to  an 
Increase  In  concentration  of  the  reactants.  Furthermore,  heat  transfer 
Is  greater  under  pressure.  The  use  of  silver  catalyst  with  pressure 
reduces  the  required  residence  time  even  further.  Figure  14  shows  the 
effect  of  pressure  on  residence  time. 
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3.  Molar  Ratio  of  H2/BCI3 

By  Che  mass  reaction  effect,  an  Increase  in  Che  molar  ratio  of 
H2/BCI3  should  increase  Che  conversion  of  BCI3  Co  BHCI2.  Conversely,  a 
decrease  in  Che  molar  ratio  of  H2/BCI2  should  give  a  higher  conversion 
of  H2  Co  BHCI2.  The  experimental  results,  depicted  in  Figure  15,  show 
these  effects  very  clearly. 

In  Che  earlier  work  Che  molar  ratio  of  H2/BCI3  was  adjusted  by 
bubbling  H2  gas  at  a  metered  flow  rate  through  liquid  BCI3  maintained  at 
a  temperature  corresponding  Co  Che  partial  pressure  desired  in  Che  H2 
stream.  However,  it  was  later  found  Chat  this  system  gave  inadequate 
control  of  Che  mixture  ratio  because  of  incomplete  saturation  of  Che  H2 
with  Che  BCl^  and  because  of  fluctuations  in  Che  temperature.  As  a 
result  of  these  difficulties,  Che  bubbling  device  was  eliminated  and  Che 
reactants  (H2  and  BCl^  gas)  were  metered  separately  into  a  mixing  chamber 
before  being  fed  into  Che  reactor.  This  change  led  Co  more  consistent 
results.  The  earlier  results  tended  Co  give  higher  conversion  values 
because  Che  error  was  always  Coward  higher  H2/BCI3  ratios  Chan  intended. 

AC  700*C  Che  conversion  at  a  molar  ratio  of  3  is  about  20  per 
cent  and  at  a  molar  ratio  of  14,  it  is  about  39  per  cent.  AC  Che  higher 
mole  ratio  Che  total  amount  of  gas  carried  along  per  mole  of  BHCI2 
formed  is  almost  twice  as  great.  This  means  that  at  Che  higher  mole 
ratio  larger  equipment  is  required,  Che  heating  and  cooling  loads  are 
greater,  and,  finally,  Che  difficulties  in  separating  Che  BCI3,  BHCI2 
and  HCl  from  Che  H2  are  greater  because  they  are  present  at  lower 
partial  pressures.  On  the  other  hand,  at  the  lower  mole  ratio  almost 
twice  as  much  BCI3  is  present  per  mole  of  BHCI2  formed  as  is  present  at 
the  higher  mole  ratio.  This  can  lead  Co  greater  difficulties  in  Che 
disproportionation  step  which  benefits  from  lower  concentrations  of  BCI3. 
The  optimum  mole  ratio  was  therefore  based  on  engineering  design  evalua¬ 
tions  as  well  as  pilot  plant  studies. 

4.  Effect  of  Pressure 

Since  the  reaction  equation  shows  Che  same  nundier  of  molecules 
on  Che  left  as  on  the  right,  it  might  be  expected  that  pressure  would  not 
exert  a  great  influence  on  Che  extent  of  conversion.  On  Che  other  hand, 
because  of  the  increased  concentration  effect,  a  faster  reaction  rate 
would  be  anticipated.  Experiments  at  10.2  atmospheres  have  shown 
increased  reaction  rate  (Figure  14)  but  Che  conversions  in  general  have 
been  lower. 


It  is  highly  unlikely  on  theoretical  grounds  Chat  pressure 
itself  was  responsible  for  Che  reduced  conversions,  and  a  more  reasonable 
explanation  is  possible.  Since  reaction  rate<7  are  shown  to  be  much 
higher  under  pressure  conditions,  it  is  to  be  expected  that  Che  back 
reaction  would  also  take  place  faster.  Consequently,  quenching 
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(rapid  cooling)  of  the  reaction  gases  may  be  much  more  critical  under 
pressure  conditions.  In  other  words,  the  conversions  in  the  reactor 
zone  may  have  been  as  high  as  those  obtained  without  pressure,  but  the 
rate  of  cooling  of  the  gases  relative  to  the  higher  reaction  rates 
under  pressure  may  have  been  inadequate  to  prevent  shifting  of  the 
equilibrium  to  the  left.  The  observation  of  reduced  conversions  with 
higher  residence  times  has  already  been  referred  to  with  respect  to 
reactions  at  atmospheric  pressure  (Figure  12).  It  will  be  noted  that 
this  effect  is  considerably  more  pronounced  under  pressure  (Figure  14) 
and  tends  to  confirm  the  argument  given  previously. 

B.  Back  Reactions  of  BHCI2  and  HCl 


To  determine  the  rate  at  which  reaction  gases  must  be  quenched  to 
prevent  a  dimunition  of  the  conversion,  equipment  was  set  up  to  study 
the  rate  of  back  reaction  of  BHCI2  with  HCl  at  different  temperatures. 

The  reaction  mixture,  emerging  from  the  reactor  at  700‘’C,  was  divided 
into  two  streams;  one  being  passed  through  a  controlled  temperature 
coll  and  the  other,  the  bypass,  quenched  with  liquid  nitrogen  to 
remove  the  condensable  materials.  The  gases  leaving  the  coil  were 
also  cooled  with  liquid  nitrogen  to  condense  the  reaction  products. 

The  temperature  of  the  coil  and  residence  time  of  the  gases  passing 

through  it  could  be  controlled.  The  products  from  the  coil  and  from 

the  bypass  were  then  analyzed  to  compare  Che  respective  amounts  of 

dichloroborane  present.  Results  are  given  in  Table  20.  ^ 

TABLE  20 

Conversion  of  Reaction  Cases(^) 


ExdC.  No. 

Conv. 

in  Reactor 

_ O) _ 

Coil 

Temp. 

(“0 

Residence  Time 
in  Coil 
(sec.) 

Conversion 

after  Coil 
(7.) 

485-181 

HH 

400 

1.38 

19.7 

485-184 

400 

2.82 

16.2 

485-190 

17.7 

400 

5.13 

15.7 

486-209 

16.7 

400 

5.05 

15.2 

486" 197 

16.5 

10.53 

16.0 

486-212 

16.8 

11.25 

16.1 

486-206 

16.5 

11.80 

15.0 

486-219 

17.6 

500 

31.68 

12.3 

486-215 

17.0 

500 

36.75 

12.3 

486-222 

17.3 

500 

29.53 

11.9 

486-233 

500 

7.49 

14.43 

486-226 

500 

17.30 

13.43 

486-222 

500 

29.53 

11.86 

486-247 

18.05 

400 

52.66 

15.12 

486-262 

17.91 

400 

24.80 

16.67 

486-242 

18.09 

400 

11.04 

17.39 

(a)  Reactor  temp.  700“C,  mole  ratio  H2/BCI3  »  2.75  Co  3.19. 
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Back  reaction  data  at  temperatures  near  ambient  were  obtained  by 
following  BHCI2  disappearance  In  an  Infrared  cell.  In  these  experiments^ 
samples  of  BHCI2  and  BCl^  were  placed  In  a  one  centimeter  IR  cell  and  the 
partial  pressure  of  BHCI2  determined  by  Infrared  analysis.  The  cell  was 
then  pressurized  with  HCl^  and  the  rate  of  consumption  of  BHCI2  was  fol¬ 
lowed  by  measuring  the  optical  density  of  BHCI2  at  9.12  microns.  The 
reaction  rates  were  measured  at  25.6®C,  at  30.6°C  and  53.0®C  +  1.0®C. 

The  data  obtained  In  a  typical  experiment  are  shown  In  Table  21. 

TABLE  21 

Back  Reaction  Data  Near  Ambient  Temperature 

Infrared  Cell:  10. S  mm. 

Pressure  of  BCl^  +  BHCI2  Before  Addn.  of  HCl:  149  mm. 

Partial  Pressure  of  BHCI2  as  Determined  by  IR;  13.30  mm. 

Total  Pressure  After  Addn.  of  HCl;  332  mm. 

Infrared  Cell  Temperature:  53®C  +  1.0“C 


Time  (min.) 

0 

9 

13 

17 

27 

36 

48 

Pressure  BHCI2 
(mm.  Hg.) 

13.30 

13.24 

13.14 

13.09 

12.88 

12.78 

12.46 

Rate  constants  for  the  back  reaction  were  calculated  from  these  data 
and  are  listed  in  Table  22.  From  the  slope  of  the  Arrhenius  plot  (Figure 
16)  of  log  k  vs.  1/T°K  the  activation  energy  for  the  back  reaction  was 
found  to  be  9.1  kcals/mole. 


TABLE  22 

Rate  Constants  for  Back  Reaction 


Temp. 

(*C) 

Reaction  Rate  Constant  k 

llter/mole-sec. 

25.6(a) 

30.6(a> 

53(a) 

400(*’) 

500(*’) 

5.43  X  10’6 
6.64  X  10’^ 
8.36  X  10"^ 
6.75  X  10'^ 

2.88  X  10*2 

2.74  X  10‘6 

2.74  X  10*^ 

3.71  X  10*^ 

6.20  X  10*3 

3.04  X  10‘2 

(a)  The  reaction  rate  was  followed  by  BHCI2 
disappearance  as  measured  bv  IR. 


(b)  The  reaction  rate  was  followed  by  consumption 
of  active  hydrides^  as  determined  by  evolution 
of  H2  on  hydrolysis,  both  before  and  after  the  coil. 
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The  magnitude  of  these  rate  constants  is  such  that  rapid  quenching, 
i.e.,  within  a  few  seconds,  is  necessary  for  best  reactor  productivity 
and  minimum  change  from  the  favorable  high  temperature  equilibrium. 

C.  Apparatus  and  Procedures 

In  the  early  studies  with  silver  catalyst,  a  reactor  made  of  Corning 
No.  1740  ignition  glass  was  employed.  This  reactor  was  "U"  shaped,  with 
an  inlet  arm  smaller  in  diameter  than  that  of  the  reactor  arm,  and  con¬ 
tained  a  thermocouple  well.  The  reactor  portion  contained  40.6  grams  of 
granular  silver  (about  30  mesh)  in  about  10  mis.  The  total  heated  volume 
was  about  30  mis.  A  flow  meter  measured  the  rate  at  which  H2  passed 
first  through  heated  copper  to  remove  oxygen,  then  through  a  liquid  N2 
cooled  trap  to  remove  water.  Then  the  H2  was  passed  through  a  bubbler 
containing  liquid  BCI3.  The  temperature  at  which  the  boron  trichloride 
was  maintained  determined  the  amount  of  BCI3  in  the  H2.  The  gas  then 
passed  into  the  reactor  which  was  inside  an  electrically  heated  oven. 

The  emerging  product  was  captured  in  a  train  of  three  traps  cooled  by 
liquid  N2. 

Later  work  employed  a  Vycor  reactor  with  an  exit  tube  having  a  small 
diameter  to  allow  exhaust  gases  to  escape  the  hot  zone  as  rapidly  as 
possible.  The  reactor  was  a  straight  tube  design  with  thermocouple  well, 
was  4.5  inches  long,  and  contained  35  grams  of  silver  screen.  The  inside 
diameter  of  the  exit  and  inlet  tubes  was  5  mm.  The  total  heated  reactor 
volume  was  16.2  mis.  and  the  free  volume  was  11.7  mis.  Boron  trichloride 
and  hydrogen  were  separately  metered  through  rotameters.  The  boron  tri¬ 
chloride  was  taken  from  a  small  cylinder  which  could  be  weighed  before 
and  after  the  experiment. 


The  studies  under  elevated  pressure  were  conducted  in  two  different 
stainless  steel  tube  reactors.  One  was  10.2  cms.  long  and  with  0.8  cm. 

I.D. -  the  other  was  the  same  length  but  0.635  cm;  I.D.  The  reactions 
were  studied  both  with  an  empty  tube  (no  catalyst)  and  with  silver  granules 
filling  the  tube.  A  flow  meter  measured  the  H2  flow  following  the  reactor 
and  collecting  traps.  The  BCI3  was  picked  up  by  the  H2  passing  through 
liquid  BCln  in  a  stainless  steel  bubbler,  and  the  amount  of  BCI3  deter¬ 
mined  by  the  temperature.  The  H2  was  pretreated  as  before  and  the  exhaust 
gases  were  collected  in  traps  cooled  by  liquid  N2  as  before. 


The  conversions  and  yields,  as  referred  to  in  this  report,  are 
expressed  by; 


7.  Conversion 


BHCI2  produced 

Total  BCI3  introduced  per  pass 


100 


7,  Yield 


H2  evolved  on  hydrolysis 
Boron  consumed 


X  100 


BHCI2 

BHCI2  +  B  lost 


X  100 
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III.  Separation  Processes 

Economic  considerations  require  efficient  recovery  of  each  of  the  four 
components  of  the  reactor  effluent  in  pure  form  as  product^  by-product  or 
recycle  reactant. 

Four  separation  schemes  were  studied:  gaseous  dlffusloUj,  adsorption 
on  carbon^  absorption  by  complexing^  and  absorption  by  an  inert  liquid. 

A.  Gaseous  Diffusion 

No  experimental  work  was  conducted  on  diffusion  as  a  separation  process, 
but  a  theoretical  feasibility  study  was  performed.  The  diffusion  process 
can  be  designed  to  reduce  the  hydrogen  accompanying  the  other  components  to 
any  degree  economically  feasible.  Subsequent  steps  to  separate  the  other 
components  from  each  other  and  from  any  residual  hydrogen  are  then  necessary, 
and  might  take  the  form  of  a  distillation  or  liquid  absorption  process,  for 
example.  This  subsequent  step,  however,  becomes  a  far  simpler  and  less 
costly  procedure  when  the  bulk  of  the  hydrogen  has  been  removed. 

Of  the  various  diffusion  methods  of  gas  separation,  such  as  mass  dif¬ 
fusion,  thermal  diffusion  and  gaseous  diffusion,  an  example  of  separation 
of  hydrogen  by  gaseous  diffusion  was  worked  out  to  demonstrate  the  feasi¬ 
bility  of  such  separations  in  the  process  under  consideration. 

For  this  problem,  a  diffusion  stage  was  conceived  as  operated  with 
the  flow  of  gas  parallel  to  the  barrier  at  the  high  pressure  side  with  a 
constantly  changing  gas  composition  as  selective  diffusion  occurs,  and 
with  the  flow  of  gases  away  from,  or  perpendicular  to,  the  barrier  at  the 
low  pressure  side  to  give  an  averaged  gas  concentration  exiting  (Figure  17). 
Under  the  conditions  of  this  problem,  a  three-stage  countercurrent  separa¬ 
tion  was  found  desirable  for  illustrative  purposes  (Figure  18). 

By  material  balance  and  use  of  the  chart  of  Figure  19,  a  three-stage 
countercurrent  separation  problem  was  worked  out  as  shown  by  the  data  of 
Table  23  and  Figure  18.  Average  concentrations  and  average  molar  velo¬ 
cities  were  used  for  each  stage  rather  than  the  more  accurate  incremental 
concentrations  and  velocities  because  equations  derived  for  accurate  solu¬ 
tion  were  in  a  differential  form  and  have  not  been  successfully  Integrated. 
The  averages  used  were  accurate  enough,  however,  to  give  the  barrier 
surface  requirements  for  the  two  sets  of  pressure  conditions  (Table  24) . 
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>  Effluent  gas  -  high  pressure  side 
••  Effluent  gas  -  low  pressure  side 

>  Feed  gas 


Figure  17.  Illustrative  Gas  Flows  In  Diffusion  Cell  or  Stage 


F  100  moles 


Vo  80.5  m. 
98.57. 


Stage  1  Stage  2  Stage  3 

Easls:  100  moles  feed  gas 


Figure  18.  Molal  Material  Balance  and  Hvd':ogr''  Concentrations  for  Three-Stage, 
Countercurrent  Flow,  Diffusion  Cascade 
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Figure  19.  Gaseous  Diffusion  of  Hydrogen  and  O' her  Gas.’  s 
(Av.  M.W.  81.5)  through  Porous  Glass 
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TABLE  23 

Material  Balance  for  Gaseous 
Diffusion  Separation  of  Pilot  Plant  Quantities 


M.W. 

.  Mole  7. 

Moles/Hr. 

Lbs. /Hr. 

wc.  % 

Feed  Gas  IFl 

Hydrogen 

2.016 

90 

5.076 

10.2 

18.2 

Ocher  Gases 

81.5 

10 

0.564 

46.0 

81.8 

(Precursor) 

(82.74) 

ill 

(0,169) 

(14.0) 

(24.9) 

Total 

100 

5.640 

56.2 

100.0 

High  Press,  Discharge  (L^) 

Hydrogen 

55 

0,605 

1.2 

2.9 

Ocher  Gases 

45 

0.495 

40.4 

97.1 

(Precursor) 

m^.5i 

10.1485) 

ilixli 

ToCal 

100 

1.100 

41.6 

100.0 

Low  Press,  Discharge  (V^) 

Hydrogen 

98.5 

4.472 

9.0 

61.9 

Ocher  Gases 

1.5 

0.068 

5.6 

38.1 

(Precursor) 

(Q.45)  (0.0204) 

ii.a 

(11.8) 

ToCal 

100.0 

4.540 

14.  6 

100.0 

Sepa  radon 

Vol.  % 

wc,  X 

%  of  7. 

of  ToCal 

QuanClCles 

of  F 

of  F  ToCal  H2  Precursor 

Low  Pressure 

EffluenC^ 

80.5 

26 

88.1 

12.1 

High  Pressure 

Effluenc,  L]^ 

19.5 

-Ut 

-11^ 

87.9 

Feed  Gas,  F 

100,0 

100 

100.0 

100.0 
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TABLE  24 

Calculated  Area  Reauirements 
For  Diffusion  Barriers  for  Pilot  Plant 

Arrangement; 

Poroua  Barrier: 

Feed  Gas: 


Three-Stage  Countercurrent  Flow 
Vycor  Glass  Intermediate,  1.2  nm.  Thick 

5.64  moles/hr.,  90%  Vol.  %  H2,  10%  Other  Gases  (M.W.  81.5), 
or  0.61  ft.^/aec.  feed  flow  volume  at  77“F. 


Stage 

Volume  %  H2  in  Gas 

Moles/Hr.  Gas 
L.P.  Out 

H.P.  1  atm. 
L.P.  1  atm. 

10  atm. 
1  atm. 

gHViRI 

H.P.  Out 

L.P.  Out 

mi 

70% 

55% 

90% 

0.82 

316  ft. 2 

32  ft. 2 

90% 

70% 

95% 

7.72 

2,374  ft. 2 

237  ft. 2 

95% 

90% 

98.5% 

4.54 

1.222  ft. 2 

123  ft. 2 

3,912  ft. 2 

392  ft. 2 

H.P.  >  High  Pressure  Side  of  Barrier  In  Stage. 
L. P.  >  Low  Pressure  Side  of  Barrier  in  Stage. 


As  shown,  the  three~stage  separation  removed  88  per  cent  of  Che  H2  in 
Che  feed  with  a  loss  of  about  12  per  cent  of  Che  other  gases  (or  BHCI2  since 
its  molecular  weight  is  close  Co  the  average  of  Che  non°hydrogen  gases). 

That  is,  a  given  feed  gas  of  90  per  cent  hydrogen  by  volume  (18.2%  by  wC.) 
was  separated  into  two  fractions;  a  high  pressure  fraction,  19.5  per  cent 
of  Che  feed  volume  (74%  of  Che  feed  by  wt.),  Chat  contained  55  per  cent  H2 
by  volume  (2.97.  by  wC.);  and  a  low  pressure  fraction,  80.5  per  cent  of  Che 
feed  volume  (26%  of  the  feed  wt.),  that  contained  98.5  per  cent  H2  by 
volume  (61.9%  by  wt.).  Such  a  separation  could  be  of  appreciable  importance 
in  recovery  and  purification  of  dichloroborane. 

Research  testing  of  diffusion  barriers,  those  available  and  new  ones, 
would  be  the  prime  requirement  for  developing  this  separation  method  for 
use  in  this  high  energy  fuel  process  at  a  cost  competitive  with  other 
processes. 
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B.  Adsorption  on  Carbon 

The  recovery  of  boron  trichloride  by  adsorption  on  carbon  was  worked 
out  as  a  process  by  the  Hooker  Electrochemical  Company  In  order  to  separate 
boron  trichloride  from  hydrochloric  acid  in  the  presence  of  large  amounts 
of  hydrogen.  However,  under  their  best  conditions  they  obtained  a  signifi¬ 
cant  loss  of  boron  trichloride  on  every  adsorption-desorption  cycle.  This 
loss  would  render  the  process  completely  impossible  for  the  present  applica¬ 
tion. 


Following  the  procedures  of  Hooker  Electrochemical,  with  minor 
variations,  it  was  found  that  at  IS'C  prechlorinated  activated  Columbia 
Carbon,  CXA  pellets,  adsorbs  an  amount  of  boron  trichloride  equivalent  to 
44.6  per  cent  of  the  weight  of  the  carbon.  Similarly,  Columbia  PW  Carbon, 
pretreated  with  boron  trichloride,  retained  50  per  cent  of  its  weight  of 
boron  trichloride  at  O’C  under  about  27  mm.  partial  pressure  of  boron  tri¬ 
chloride.  However,  aa  with  Hooker  there  was  a  significant,  irretrievable 
loss  of  boron  trichloride  on  desorption.  Since  this  desorption  was  con¬ 
ducted  at  170  to  200*0,  it  was  decided  that  the  high  temperature  was 
causing  a  chemical  reaction  which  destroyed  the  boron  trichloride.  By 
employing  a  maximum  desorption  temperature  of  10C*C  for  an  arbitrary  period 
of  time  (2  hrs.)  about  80  per  cent  of  the  boron  trichloride  is  desorbed. 
However,  on  repeating  the  adsorption- desorption  cycle  in  thia  manner  it 
was  found  that  100  per  cent  of  the  boron  trichloride  adsorbed  on  the  second 
cycle  was  desorbed. 

The  same  technique  was  then  applied  to  the  adsorption  and  desorption 
of  BHCI2.  On  a  first  cycle  of  a  mixture  of  BHCI2  and  BCI3,  followed  by 
desorption  at  100*C,  no  BHCI2  was  recovered.  However,  it  waa  expected  that 
a  certain  build-up  of  BHCI2  content  on  the  carbon  would  be  required  before 
it  would  start  to  come  off  at  the  arbitrarily  set  condition  of  100°C  desorp¬ 
tion  temperature.  The  carbon  was  then  treated  with  dlborane  at  100*0  to 
react  with  any  impurities  that  might  attack  a  boron  hydride.  On  a  second 
cycle  with  a  BCI3-BHCI2  mixture,  desorption  at  100*0  for  one  hour  gave  a 
recovery  of  22  per  cent  of  the  BHOI2  adsorbed.  This  was  the  first  instance 
of  successful  desorption  of  6HOI2  from  carbon.  It  is  believed  that  on 
further  cycling,  100  per  cent  desorption  might  occur.  This  work  was  dis¬ 
continued  because  it  was  considered  that  the  liquid  abaorption  methods 
would  be  more  desirable. 

0.  Absorption  bv  Oomnlexing 

1.  Dinhenvl  Sulfide 

Another  separation  process,  absorption  b>  complexlng,  involves 
the  use  of  a  chemical  bonding  substance.  After  study  cf  a  number  of  such 
substances,  diphenyl  sulfide,  (0^85)26,  was  found  to  form  a  solid  adduct 
wl^'h  both  boron  trichloride  and  dichloroborane,  thus  nvaking  possible  their 
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removal  from  the  hydrogen  and  hydrogen  chloride.  The  reactions  for  the 
adducts  formation  are  shown  below; 

(CgH5)2S  +  BCI3  ,  ‘~(C^H3)2S;BCl3 

<^6%>2S  +  BHCl2.^'  (C6H5)2S  BHCl2 

Complexing  studies  of  diphenyl  sulfide  with  boron  trichloride  and 
dichloroborane  at  O^C  were  investigated  by  bubbling  a  gas  stream  containing 
boron  trichloride,  dichloroborane,  hydrogen  chloride  and  hydrogen  through  a 
solution  of  diphenyl  sulfide  in  a  saturated  aliphatic  oil  (Brillol).  The 
diphenyl  sulfide-oil  solution  retained  most  of  the  boron  containing  com¬ 
pounds  while  allowing  the  hydrogen  chloride  and  hydrogen  to  pass  through. 

A  small  amount  of  boron  trichloride  was  carried  along  with  the  hydrogen. 

The  hydrogen  chloride  and  residual  boron  trichloride  were  separated  from 
the  hydrogen  by  condensation  at  -196*C.  Heating  the  diphenyl  sulfide-oil 
solution  under  reduced  pressure  at  80  to  1S0°C  generated  BHCI2,  BCI3  and 
B2Hg.  Hydrolysis  of  the  products  and  determination  of  the  hydrogen 
evolved  and  boron  contents  gave  the  results  shown  in  Table  25. 

TABLE  25 

Absorption  of  BCI3  and  BHCI2  by  Diphenyl  Sulfide 


■ 

Init.  BCI3 
Hydro- 

Bi 

genated 

Immoll 

jgnia 

BHC12 

BC13 

Immoll 

A86- 

40 

21.15 

193.0 

0.0 

4.08 

15.44 

0.00 

0.75 

5.69 

96.2 

486- 

42 

11.31^®^ 

193.0 

0.0 

1.67 

6.65 

0.0 

1.38 

2.90 

85.9 

486- 

59 

13.44 

21.5 

20.2 

3.41 

7.95 

0.0 

1.99 

3.90 

99.3 

(a)  Absorptlonwas  carried  out  at  O’C. 

(b)  Avg.  molecular  wt.  -  253. 

(c)  Desorption  was  carried  out  at  80-150'’C  under  reduced  pressure. 

(d)  Amounts  condensed,  at  -196'’C,  from  Che  H2  stream. 

(e)  Absorption  was  carried  out  at  25'’C. 
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The  absence  of  BHCI2  in  the  effluent  gas  indicates  that  the 
BHCl2’’diphenyl  sulfide  complex  is  more  stable  than  the  BCl2"diphenyl 
sulfide  adduct  and,  most  important,  that  the  desired  separation  of  BHCl. 
from  HCl  is  efficiently  accomplished. 

The  recovery  of  dichloroborane  and  boron  trichloride  from  their 
adducts  with  diphenyl  sulfide  was  investigated.  A  temperature  of  151°C 
was  required  to  obtain  a  vapor  pressure  of  one  atmosphere  (752  mm.  Hg.) 
above  the  solution  of  diphenyl  sulfide  adduct.  The  following  data  were 
collected  on  the  composition  of  the  vapor  and  liquid  phases: 

Thermal  Recovery  of  BHCI2  and  BCI3 

Original  Liquid  Liquid  Composition  Vapor  Composition 

Composition  at  151°C  and  752  mm.  Hg.  at  151°C  and  752  mm.  Hg. 
(millimoles) _ (millimoles) _  (millimoles) _ 

(C6H5)2S  141.7  141.7 

BHCI2  7.34  4.91  2.43 

BCI3  13.27  3.33  9.94 

These  data  confirmed  the  fact  that  dichloroborane  is  held  more 
tenaciously  than  boron  trichloride.  Furthermore,  they  indicate  that 
unless  a  carrier  vapor  or  vacuum  is  employed,  high  temperatures  are 
required  to  recover  the  boron  compound. 

The  dissociation  pressures  of  the  diphenyl  sulfide°boron  tri'° 
chloride  adduct  at  various  temperatures  were  experimentally  determined: 

Dissociation  Pressures  of  (CfeH5)2S; BCl-^ 


Temp. 

(»C) 

0 

11 

14 

19 

23.5 

24.5 

28.9 

33.9 

36.4 

37.6 

46 

Press. 

(mm.Hg.) 

1 

4 

5 

9 

15 

20 

30.5 

48 

64 

74 

189.5 

The  plot  of  log?  vs.  1/T  is  shown  in  Figure  20.  The  equation 
for  the  dissociation  pressure,  calculated  by  the  method  of  least  squares, 
is 

l°8l0^mm.  -  ^  +  15.2605 


from  which  the  heat  of  dissociation  can  be  calculated  to  be  19.5  Kcals/mole, 
and  it  is  found  that  a  pressure  of  one  atmosphere  is  reached  at  70‘’C. 
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Figure  20,  Dissociation  Pressures  of  the  1;  1  Adduct  (05115)23: BCI3 
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Because  of  the  low  vapor  pressure  of  diphenyl  sulfide^  the  vapor  phase  con° 
slsted  essentially  of  pure  boron  trichloride.  These  values  of  the 
dissociation  pressure  are  only  approximate  since  the  liquid  composition 
changed  during  the  dissociation  because  of  the  boron  trichloride  released 
Into  the  gas  phase.  It  Is  estimated  that  a  7  per  cent  excess  of  diphenyl 
sulfide  was  present  when  the  pressure  reached  100  mm. 

The  adduct  formed  by  the  addition  of  dlchloroborane  to  diphenyl 
sulfide  Is  a  white  solid  having  no  appreciable  volatility  at  O’C.  It 
begins  to  melt  at  about  42*C  with  dissociation. 

The  dissociation  pressures  of  were  determined  by 

measuring  the  pressure  developed  over  a  range  of  temperature.  To  obtain 
a  greater  degree  of  accuracy,  the  vapor  volume  was  made  as  small  as  pos¬ 
sible,  thereby  avoiding  any  significant  change  In  the  liquid  composition. 
Furthermore,  to  overcome  the  effect  of  disproportionation  of  the  BHCI2, 
the  vapor  phase  was  also  maintained  at  elevated  temperature.  Thermo^ 
dynamic  calculations  have  shown  that  the  extent  of  disproportionation  of 
BHCI2  Is  decreased  at  elevated  temperatures.  The  sample  employed  for  the 
measurement  of  the  dissociation  pressures  was  found  to  have  a  molar  ratio 
of  diphenyl  sulfide  to  BHCI2  of  1.05.  The  results  are  shown  below. 

Dissociation  Pressures  of  (05115)28; BHCI2  Adduct 


Temp.  CC) 

69.5 

72.3 

74.2 

76.0 

79.2 

81.7 

Pressure  (mm.  Hg.) 

1063 

1102 

1259 

1375 

1462 

1505 

The  remainder  of  the  BHCI2  was  removed  from  the  diphenyl  sulfide 
by  heating  under  vacuum.  The  residual  diphenyl  sulfide  was  found  to  have 
an  Infrared  spectrum  identical  with  that  of  a  pure  sample.  In  spite  of 
heating  at  130°C  to  140°C  for  3.5  hours  In  the  presence  of  BHCI2,  BCI3 
and  B2H5,  the  diphenyl  sulfide  showed  no  signs  of  decomposition. 

It  was  considered  possible  that  the  diphenyl  sulfide  might 
catalyze  the  back  reaction,  as  follows- 

02S:BHCl2  +  HCl  - ►  02^  BCI3  +  H2 

and,  in  fact,  the  first  two  experiments,  recorded  In  Table  25,  show  reduced 
conversions  of  19.4  per  cent  and  16.2  per  cent,  respectively.  However,  the 
diphenyl  sulfide  In  these  experiments  was  present  in  great  excess  (ratios 
of  9.2  and  17.1,  respectively).  At  lower  diphenyl  sulfide  to  boron  ratios, 
as  s^en  In  Table  26,  no  back  reaction  is  observable  at  a  ratio  of  02S;B  of 
0.84,  but  about  14  per  cent  back  reaction  Is  observed  at  a  ratio  of  1.60. 
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TABLE  26 

Effect  of  Dlphenvl  Sulfide  on  Conversion 


Expt, 

No, 

BCI3 

Hydro¬ 

genated 

(mmol) 

Mole  Ratio 
02S/B  in 

Ga  s  Mixt . 
(mmol) 

B 

Recovery 

from 

(C6H5)2S 

(^) 

Over-All  Conversion 
to  BHCl? 

with 

(C6H5)2S^®^ 

(7.) 

without 

(C6H5)2S 

m 

486“ 

54 

15.10 

0.84 

0 

0 

0 

28.7 

27.1 

486- 

59 

13.44 

1.60 

0 

0 

0 

25.5 

29,7 

(a)  Per  cent  over~all  conversion  was  based  on  active  hydride 
content  after  recovery  from  diphenyl  sulfide. 

(b)  Analysis  of  the  diphenyl  sulfide  after  desorption  showed 
absence  of  boron^  active  hydride  and  hydrogen  chloride. 

In  order  to  obtain  kinetic  data  which  would  permit  design  of 
an  absorber  capable  of  minimizing  the  back  reaction^  measurements  of  the 
rate  of  back  reaction  were  made  at  different  partial  pressures  of  HCl. 
The  adductSj  02^  ^^^^2  02S;BClo  were  prepared  by  bubbling  the  exit 
gases  from  the  reactor  through  diphenyl  sulfide  or  diphenyl  sulfide-oil 
solution  at  0”C.  The  resulting  diphenyl  sulfide  solution  or  slurry, 
containing  the  partly  dissolved  adducts  with  an  excess  of  diphenyl  sul¬ 
fide,  was  then  mixed  with  hydrogen  chloride  in  a  closed  system  at 
different  partial  pressures  of  HCl  for  definite  periods  of  time.  At 
the  end  of  each  time  interval,  the  hydrogen  evolved  and  was  measured 
after  being  separated  from  the  unreacted  hydrogen  chloride.  The  data 
are  shown  in  Table  27  and  plotted  in  Figure  21. 

These  data  show  that  the  rate  of  reaction  at  0"C  of  HCl  with 
the  diphenyl  sulfide-oil  slurry  is  decidedly  affected  by  the  partial 
pressure  of  the  HCl  over  the  system. 

The  experiment  in  which  diphenyl  sulfide  was  used  in  large 
excess  (to  dissolve  the  adduct  completely)  showed  a  faster  rate  of 
reaction  than  did  the  experiment  at  comparable  HCl  pressure  but  with  a 
smaller  amount  of  diphenyl  sulfide.  The  effect  of  increased  partial 
pressure  of  HCl  is  greater  than  an  increase  in  the  amount  of  diphenyl 
sulfide. 
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TABLE  27 

Reaction  of  Hydrogen  Chloride  with  (05115)23: BHCI2  Adduct 


m 

of  React! 

on  Mixt. 

Oil 

fniooll 

BCI3 

(mmol) 

BHCl, 

(mmol) 

I 

58-60 

19.35 

19.82 

5.50 

5.15 

II 

279-295 

29.85 

29.70 

8.38 

4.86 

III 

59-60 

141.70 

_ 

0.0 

12.85 

7.76 

Time  of  Shaking 
with  HCl 
(min.) 

Hydrogen  Evolved 
(Cumulative  Amt. 

_ millimoles) _ 

BHCI2 

Consumed 

(7.) 

1 

0.009 

0.175 

4 

0.020 

0.388 

10 

0.031 

0.602 

20 

0.041 

0.776 

Exneriment  II 

1 

0.14 

2.88 

4 

0.39 

8.03 

10 

0.64 

13.15 

19 

0.98 

20.15 

ExDerlroen*:  III 

1 

0.118 

1.50 

4 

0.165 

2.14 

10 

0.275 

3.57 

19 

0.381 

4.94 
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Figure  21.  Reaction  Races  of  Diphenyl  Sulf lde*BHCl2  Adduct  with 
Anhydrous  HCl  at  Different  Pressures  at  0°C 
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At  S8‘*60  mm.  of  HCl  the  extent  of  back  reaction  with  a  large 
excess  of  diphenyl  sulfide  was  less  than  4  per  cent  In  10  minutes  of 
contact  time,  and  less  than  1  per  cent  In  10  minutes  with  the  smaller 
amount  of  diphenyl  sulfide.  When  operating  at  atmospheric  pressure  the 
partial  pressure  of  HCl  In  the  reaction  will  be  well  below  60  mm.,  but 
If  the  absorption  Is  conducted  at  higher  pressures  the  partial  pressure 
of  the  HCl  will  Increase  In  proportion  to  the  totsl  pressure,  and 
Increased  rates  of  back  reaction  might  be  encountered.  However,  contact 
time  during  absorption  would  then  have  to  be  minimized. 

It  was  found  that  the  diphenyl  sulfide  adducts  with  boron  tri¬ 
chloride  and  dlchloroborane  are  readily  soluble  In  an  excess  of  the 
diphenyl  sulfide,  but  their  solubility  In  the  Inert  mineral  oil  "Brlllol" 
was  limited.  The  solubility  of  the  diphenyl  sulfide-boron  trichloride 
adduct  In  Eilllol  was  determined  at  O'C.  Only  1.4  per  cent  by  weight  of 
the  adduct  dissolved.  It  is  postulated  that  this  Insolubility  In  the  oil 
helps  to  repress  the  back  reaction  with  hydrogen  chloride,  while  on  the 
other  hand  the  solubility  of  the  adduct  In  excess  diphenyl  sulfide 
Increases  the  rate  of  the  back  reaction  when  an  excess  of  the  sulfide  is 
used. 


Rough  measures  of  solubility  In  various  solvents  at  ambient 
temperature  were  made  employing  solid  diphenyl  sulfide  adduct  which  con¬ 
tained  both  02S:BCl2  and  02S:BHCl2>  although  the  relative  proportion  of 
each  was  not  known.  The  results  are  given  below: 

Solubility 

Solvent  Gm.  (C^H3)2S  Adduct/Gm.  of  Solvent 


Toluene 

0.89 

Cyclohexane 

0.37 

n- Hexane 

0.25 

Diphenyl  Sulfide 

0.14 

2.  Diphenyl  Ether 

It  has  been  reported  that  boron  trichloride  and  diphenyl  ether 
formed  a  1:1  complex.'^'  A  few  experiments  In  the  laboratory  Indicated 
that  It  Is  unlikely  that  such  a  complex  Is  formed,  based  on  the  vapor 
pressures  of  solutions  of  boron  trichloride  In  diphenyl  ether.  Because 
of  the  high  vapor  pressure  of  BCI3  In  diphenyl  ether,  this  system  has  no 
merit  for  separation  purposes. 

3.  Dimethyl  Sulfide 

Dimethyl  sulfide  Is  known  to  complex  with  dlboiane  to  form 
(0113)26: BH3,  which  Is  dissociated  In  the  vapor  phase  to  a  degree  dependent 
on  the  temperature.  Preliminary  work  with  the  dimethyl  sulfide-diborane 
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adduct  Indicated  that  recovery  of  the  dlborane  by  fractional  distillation 
would  be  difficult,  possibly  because  of  the  rapid  reassoclatlon  on  conden¬ 
sation  to  the  liquid  phase.  Furthermore,  it  was  found  that  this  adduct 
reacted  rapidly  with  HCl  In  the  liquid  phase  according  to  the  following 
equation; 


(CH3)2S:BH3  +  3HC1  — — —  (CH3)2S: BCI3  +  H2 

This  system  was  considered  unsuitable,  therefore,  to  recover  the  reaction 
gases  because  of  the  hydrogen  chloride  Inevitably  present. 

Recovery  of  dlborane  from  the  dimethyl  sulfide  adduct  was  solved, 
however,  by  the  use  of  a  displacement  reaction;  that  Is,  zinc  chloride  was 
found  to  displace  the  dlborane  as  shown  In  the  following  equation; 

(CH3)2S;BH3  +  ZnCl2 - -  (^3)28:  ZnCl2  +  1/2  BjHg 

The  actual  composition  of  the  dimethyl  sulflde-zlnc  chloride  complex  has 
not  been  determined;  however,  on  heating  the  latter  to  about  lOO’C,  there 
Is  an  essentially  quantitative  recovery  of  the  dimethyl  sulfide,  which 
can  then  be  recycled.  This  process,  therefore,  would  be  suitable  for 
recovery  of  dlborane  from  Its  mixtures  with  Inert  gases,  as  for  example, 
hydrogen  or  ethane  (gases  which  commonly  accompany  dlborane  In  certain 
types  of  processing). 

It  was  also  observed  that  boron  trichloride  also  displaced 
dlborane  from  the  dimethyl  sulfide,  but  quantitative  recovery  of  the 
boron  trichloride  and  dimethyl  sulfide  could  not  be  obtained  by  heating 
the  (0113)28: BCI3  adduct.  The  boron  trichloride  was  displaced  quantita¬ 
tively  from  the  latter  adduct  by  aluminum  chloride,  but  thermal  treatment 
of  the  resulting  (0113)28:  AICI3  led  to  decomposition  also. 

4.  HOI  Recovery  by  Oomplexlng 

Hydrogen  halides  are  known  to  form  complexes  with  certain  types 
of  Lewis  bases  and  with  aromatic  compounds  In  the  presence  of  suitable 
Lewis  acids.  Such  complexes  may  be  a  means  of  separating  hydrogen 
chloride  from  hydrogen  (and  possibly  dlborane)  without  recourse  to  aqueous 
solutions.  Such  a  process  would  eliminate  the  requirement  of  drying 
either  the  hydrogen  chloride  or  the  hydrogen.  The  following  processes 
were  Investigated; 

s,  FeCl3“Ether  System 


Since  most  ethers  split  readily  In  the  presence  of  acids,  a 
stable  one  was  chosen  for  this  purpose,  that  Is,  ^,,<3  “-dichlorodiethyl 
ether.  It  was  reported(2)  that  the  following  reaction  occurs  in  the 
FeCl3=ether  system 
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HCl  +  FeCl3  +  3R2O  ^  Fe(R20)2Cl4^ 

where  R  (C1CH2CH2)20  in  the  present  case.  It  was  found  that  HCl  was 
absorbed  readily  and  quantitatively  by  the  solution  of  ferric  chloride 
in  P'-dichlorodiethylether,  and  by  heating  the  resulting  solution  to 
lOO^’Cj  the  HCl  was  completely  recovered.  When  a  mixture  of  diborane  and 
hydrogen  chloride  was  absorbed  by  the  FeClj-dlchlorodlethylether  solution^ 
the  diborane  passed  through  and  the  hydrogen  chloride  was  retained. 

During  recovery  of  the  hydrogen  chloride  it  was  noted  that  some  splitting 
of  the  ether  had  occurred. 


Diphenyl  ether,  used  with  FeCl3,  instead  of  the 
dichlorodiethyl  ether,  showed  only  weak  complexing  ability. 

b.  Aromatic  Compounds 


It  is  known  that  in  the  presence  of  hydrogen  halide  and  a 
Lewis  acid,  aromatic  compounds,  especially  alkylated  benzenes,  behave  as 
bases.  It  has  been  shown'^'that  in  the  presence  of  toluene  the  reaction 
proceeds  as  follows: 


Below  “AS’C,  one  mole  of  AICI3  and  one  mole  of  toluene  complex  one  mole 
of  HCl.  Above  this  temperature  the  complex  dissociates  to  give  the  pure 
components. 


In  the  laboratory  it  was  found  that  nrxylene  and  mesitylene 
give  stronger  complexes  than  does  toluene.  However,  m-xylene  does  not 
reduce  the  volatility  of  the  HCl  sufficiently  and  the  mesitylene  conr 
plex  was  so  firm  that  it  could  not  be  dissociated  without  irreversible 
decomposition. 

It  is  known  that  hydrogen  chloride  does  not  react  with  BCI3 
in  the  vapor  phase;  however,  it  was  found  that  in  the  presence  of 
m-xylene  a  complex  corresponding  closely  to  (CH3)2CgH4H^Cl4“  was  formed 
at  -80°C.  This  conqplex  appeared  to  be  less  stable  than  its  AICI3  analogue. 
It  loses  hydrogen  chloride  on  evacuation  which  held  at  -SO^C  and,  in  fact, 
complete  recovery  of  the  HCl  can  be  made  by  pumping  at  this  temperature. 
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c.  Dimethyl  Sulfide 

Aluminum  chloride  In  dimethyl  sulfide  also  formed  a  stable 
complex  with  HCl  at  room  temperature^  evidently  of  the  form  (0113)2311*71101^". 
Heating  at  lOO^O  under  reduced  pressure  resulted  in  some  irreversible 
decomposition  of  the  dimethyl  sulfide. 

d.  Popper  Sulfate 

It  Is  known  that  copper  sulfate  forms  a  complex  with  hydrogen 
chloride  corresponding  to  the  composition  0uS04*2H01.  In  an  Initial  experl° 
mentj  34.7  mmoles  anhydrous  copper  sulfate  were  treated  with  a  large  excess 
of  hydrogen  chloride  at  760  mm.  and  ambient  temperature  In  a  vessel  of 
large  volume.  When  the  pressure  reached  a  constant  value  the  complex  was 
cooled  to  -80° 0  and  the  uncomblned  hydrogen  chloride  was  pumped  off.  When 
the  pressure  reached  about  0  mm.^  the  complex  was  cut  off  from  the  large 
volume  In  order  to  determine  its  dissociation  pressure.  At  this  point  the 
complex  was  found  to  contain  63.0  mmoles  of  hydrogen  chloride  which  gave 
a  composition  of  0030^:1.82  HOI.  The  dissociation  pressures  on  Increasing 
the  temperature  are  as  follows; 


Temp.  (°C) 

24.7 

33 

42 

30 

60 

73 

80.3 

84 

101 

Pressure  (mm.  Hg.) 

102 

108 

113 

123 

192 

336 

432 

643 

847 

When  these  data  are  plotted,  a  sharp  break  is  observed  at  30° 0. 

Dissociation  pressures  were  also  taken  on  a  complex  of  conr^ 
position  0u304;1.07  HOI. 


Temp.  (°C) 

71.3 

76 

79 

81 

87 

Pressure  (ram.  Hg.) 

122 

147 

173 

226 

243 

Extrapolation  of  the  latter  values  to  lower  temperatures  leads 
to  a  pressure  of  about  10  mm.  at  23°0  and  about  1  mm.  at  0°0. 

The  results  indicated  that  the  decomposition  pressure  of  the 
0u304~H01  complex  is  relatively  high  when  two  moles  of  hydrogen  chloride 
are  combined  with  one  mole  of  copper  sulfate,  but  at  a  0u304'H01  mole  ratio 
of  1. 1  the  pressure  is  within  a  range  which  ce^n  be  applied  for  adsorption. 
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These  preliminary  results  indicated  that  copper  sulfate  could 
be  used  as  an  absorbant  at  a  reduced  capacity.  However,  additional  experi¬ 
ments  revealed  that  hydrogen  chloride  was  absorbed  to  only  a  limited  extent 
by  copper  sulfate  In  the  presence  of  liquid  boron  trichloride. 

e.  Cooper  Sulfate-Dlmethvl  Sulfide 

When  a  mixture  of  12.4  mmoles  of  hydrogen  chloride  and  12 .4 
mmoles  of  dimethyl  sulfide  was  contacted  with  an  excess  (34.7  mmoles)  of 
copper  sulfate  at  29'’C,  a  high  rate  of  absorption  was  observed,  as  Indi¬ 
cated  by  the  rapid  decrease  of  pressure  and  evolution  of  heat. 

After  the  pressure  had  reached  a  constant  value  of  about  1  mm., 
6  to  7  nmoles  of  boron  trichloride  were  brought  Into  contact  with  the  brown 
solid  complex,  held  at  0*C.  The  pressure  of  the  boron  trichloride  dropped 
from  an  Initial  pressure  of  342  mm.  to  95  mm.  This  observation  indicates 
that  boron  trichloride  Is  absorbed  by  the  CuSO^-HCl- (CH3)2S  complex  and 
Implies  that  this  combination  is  not  suitable  In  the  presence  of  boron  tri¬ 
chloride. 


f^  Zinc  Chloride- Dimethyl  Sulfide 

Anhydrous  zinc  chloride  did  not  absorb  hydrogen  chloride, 
but  In  the  presence  of  dimethyl  sulfide  complex  formation  was  observed. 
However,  It  was  found  to  have  a  relatively  high  dissociation  pressure  and 
methyl  mercaptan  was  formed  by  splitting  of  the  sulfide.  This  system  was 
therefore  not  useful. 

D.  Absorption  In  Hexane 

Preliminary  studies  on  the  partial  pressure  of  boron  trichloride  dis¬ 
solved  In  hexane  Indicated  that  it  closely  followed  Raoults’  Law.  Further 
experimental  work  was  therefore  necessary. 

It  appeared  likely  that  under  appropriate  conditions  a  combination  of 
an  Inert  organic  solvent,  e.g.,  hexane,  with  diphenyl  sulfide  would  be 
superior  as  an  absorbent  to  either  component  alone.  The  combination  would 
consist  of  Just  enough  diphenyl  sulfide  to  complex  the  BHCI2  plus  Just 
enough  solvent  to  absorb  the  boron  trichloride.  A  comparison  of  the  quan¬ 
tities  of  absorbent  required  under  various  conditions  Is  shown  In  Table  28. 
It  has  been  assumed  that  each  component  behaves  Ideally,  and  that  BHCI2  has 
a  vapor  pressure  of  1109  mm.  at  0”C,  It  was  further  assumed  that  the  con¬ 
versions  of  BHCI2  were  20  per  cent  at  a  mole  ratio  H2:BCl3  ■  3,  and  39  per 
cent  at  H2;BCl3  ■  14.  The  data  Indicate  that  use  of  diphenyl  sulfide  alone 
or  In  combination  would  be  advantageous  at  atmospheric  pressure,  but  that  a 
simple  Inert  solvent  such  as  hexane  would  be  preferable  at  elevated 
pressures. 
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TABLE  28 

Comparison  of  Absorption  Systems'- 


Pressure 

At  mo 

3ne 

sphere 

T 

Atmos 

en 

Dheres 

Mole  Ratio  H2/BCI3 

3 

14 

3 

14 

Hexane  System 

lbs.  Hexane/ lb.  B2Hg 

525 

1028 

52.5 

102.8 

Hexane-02S  System^**^ 

lbs.  Hexane/ lb.  B2H5 

160 

421 

16 

42 

lbs.  02^/ lb*  ^2^6 

40 

40 

40 

40 

lbs.  Total  Absorbent/ lb.  B2Hg 

200 

461 

56 

82 

0oS  System 
^Iba.  023^^=) 

200 

103 

200 

103 

(a)  Absorption  at  0°C. 

(b)  The  hexane  serves  to  dissolve  the  adduct,  but  the  lesser 
amounts  of  hexane  will  not  be  adequate  to  dissolve  all  of 
the  product.  Toluene  is  a  better  solvent  and  might  there¬ 
fore  be  preferred. 

(c)  This  assumes  one  mole  equivalent  of  diphenyl  sulfide  foir 
every  mole  of  boron  used.  This  would  lead  to  a  completely 
solid  adduct  and  furthermore  some  of  the  BCl^  would  escape 
because  of  its  partial  pressure.  It  would  therefore  be 
necessary  to  employ  more  diphenyl  sulfide  than  shown  to 
retain  all  the  BCl^,  and  it  would  require  6  to  7  times  the 
amount  shown  to  hold  the  adduct  in  solution. 


The  effectiveness  of  a  hexane-diphenyl  sulfide  absorbent  was  investi¬ 
gated  in  experiments  in  which  the  reaction  gases,  taken  directly  from  the 
reactor,  were  passed  countercurrent ly  through  either  hexane  alone  or  a 
solution  of  diphenyl  sulfide  in  hexane.  The  gases  were  introduced  into 
the  bottom  of  a  column  packed  with  stainless  steel  Podbielniak  Helipak. 

The  liquid  absorbent,  precooled  to  0°C,  flowed  down  from  the  top  of  the 
column  at  a  controlled  rate.  The  actual  temperature  in  the  absorption 
column  was  between  0°C  and  12°C.  The  results  of  three  representative 
experiments  are  shown  in  Table  29. 
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TABLE  29 

Ccuntercurtent  Absorption  Study 


Experiment 

No. 

Conversion  Before 
Absorption 

m 

Conversion  After 
Absorption 

m 

498-146 

22.52 

16.8^®^ 

^98-149 

24.90 

17.3(‘’> 

498-166 

23.65 

22.75^*^' 

Absorbent  Composition; 

(a)  Hexane. 

(b)  Hexane  containing  7.67.  diphenyl  sulfide,  by  vol. 

(c)  Hexane  containing  3.27.  diphenyl  sulfide  by  vol. 


The  considerable  amount  of  back  reaction  shown  in  the  first  two  experi¬ 
ments  (498-146,  498-149)  may  be  attributable  to  hydrolysis  caused  by 
moisture  retained  in  the  absorbent.  In  the  third  experiment  (498-166), 
therefore,  precautions  were  taken  to  dry  the  absorbent  before  use  and  to 
keep  it  dry;  under  these  conditions  the  back  reaction  in  countercurrent 
absorption  seems  negligible. 

One  of  the  potential  difficulties  in  using  a  straight  liquid  absorbent 
system  alone  is  that  disproportionation  may  take  place  during  the  absorp¬ 
tion  and  any  dlborane  formed  in  the  presence  of  the  hydrogen  and  hydrogen 
chloride  would  be  difficult  to  recover.  It  was  considered  possible  that 
diphenyl  sulfide  might  catalyze  the  reaction  of  dlborane  with  boron  tri¬ 
chloride  to  give  a  dichloroborane  adduct.  Therefore,  if  diphenyl  sulfide 
were  incorporated  with  the  organic  solvent  it  might  prevent  dispropor¬ 
tionation.  This  consideration  also  leads  to  the  possible  use  of  the 
combined  solvent-diphenyl  sulfide  system  mentioned  above.  Accordingly, 
an  experiment  was  conducted  to  determine  if  dlborane  would  react  with 
boron  trichloride  as  in  the  equation; 

2(C6H5)2S  +  B2H6  +  4rC^H5)2S  BCI3  - -  6/0685)28  BHCI2 

Into  a  reaction  vessel  of  calibrated  volume,  containing  18.50  milli¬ 
moles  of  dlphenvl  sulfide  and  137.50  millimoles  of  hexane,  12.45  millimoles 
of  borcn  trichloride  and  3.15  millimoles  of  dlborane  were  condense'^.  The 
mixture  was  warmed  to  28"C  with  stirring,  “h-  piess-j-e  after  12  hours  was 
201  mil liirsrters.  The  partial  ptessuie  of  iibtraoe  was  estimated  to  be  one 
mllllmetei.  The  solid  reaction  product  suspendfd  ir  hexane  was  cooled  to 
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~78*C  and  the  system  was  evacuated.  Only  0.104  millimoles  of  diborane 
were  recovered.  Thus^  3.03  millimoles  of  diborane^,  12.45  millimoles  of 
boron  trichloride  and  18.5  millimoles  of  diphenyl  sulfide  had  reacted, 
giving  the  ratio  1.00  diborane  to  4.08  boron  trichloride  to  6.06  diphenyl 
sulfide  in  the  solid  reaction  product.  This  coincides  with  the  require* 
ments  of  the  reaction  as  given  in  the  equation. 

The  fact  that  this  reaction  took  place  means  that  premature  dispropor¬ 
tionation  cannot  take  place  when  diphenyl  sulfide  is  used  as  an  absorbent. 
Furthermore,  it  is  possible  to  use  the  diphenyl  sulfide-boron  trichloride 
adduct  as  an  absorbing  system  to  recover  diborane,  even  in  small  quantities, 
from  its  admixture  with  inert  gases  such  as  hydrogen,  for  example,  from 
the  pyrolysis  step. 

E.  Absorption  in  Boron  Trichloride 

1.  Process  Description 

A  number  of  processes  for  the  separation  of  the  reaction  products 
has  been  previously  discussed.  Of  the  various  separation  processes,  the 
most  feasible  appeared  to  be  the  absorption-complexing  with  a  mixture  of 
hexane  and  diphenyl  sulfide;  however,  this  involves  the  introduction  of 
extraneous  species  into  the  system.  The  additional  process  steps  and 
equipment  necessary  for  the  isolation  of  these  species  would  materially 
Increase  the  cost  of  producing  diborane. 

A  substantial  simplification  could  be  effected  in  the  process  for 
synthesizing  diborane  through  the  use  of  one  of  the  reactants,  boron  trl* 
chloride,  as  an  absorbent.  Details  of  this  simplified  process  are  given 
below. 


The  boron  trichloride  and  dichloroborane  portions  of  the  cooled 
reactor  effluent  are  absorbed  by  a  countercurrent  flow  of  liquid  boron 
trichloride  in  a  primary  absorption  column.  The  hydrogen  chloride  and 
hydrogen  are  not  absorbed  and  pass  out  at  the  absorber  as  overhead 
product. 


Afcei  cooling,  the  overhead  product  from  the  primary  absorber  Is 
fed  in  the  bottom  of  a  second  absorber  where  the  hydrogen  chloride  is 
absorbed  by  a  countercurrent  flow  of  very  cold  boron  trichloride,  sending 
relatively  pure  hydrogen  overhead  for  recycle. 

The  dichloroborane  and  boron  trichloride  from  the  primary  absorber 
go  to  a  fractionation  column  where  they  are  separated  with  consequent 
disproportionation  of  the  dichloroborane.  The  bottoms  product  from  the 
secondary  absorber  goes  to  another  fractionation  column  for  separation  of 
the  hydrogen  chloride  and  boron  trichloride. 

The  required  information  for  engineering  design  calculsticns  of  a 
pilot  plant  based  on  use  of  boron  trichloride  as  an  absorbent  was  obtained 
in  the  National  Distillers  and  Chemical  Corporation  laboratories. 
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Ij _ Solubility  of  Hydrogen 

It  was  necessary  to  know  the  solubility  of  hydrogen  in  boron  tri¬ 
chloride  at  various  temperatures  and  pressures.  Low  solubility  Is  preferred, 
because  any  hydrogen  which  dissolves  In  the  boron  trichloride  finally 
emerges  with  the  dlborane  in  the  dlsproportlonator. 

The  procedure  used  to  determine  the  solubilities  was  the  following. 
Carefully  dried  hydrogen  gas  was  bubbled  slowly  through  liquid  boron  tri¬ 
chloride  at  the  desired  temperature.  When  the  required  pressure  was 
reached,  the  bubbling  was  stopped  and  the  solution  was  allowed  to  stand  at 
the  controlled  temperature  from  4  to  24  hours  to  Insure  the  establishment 
of  equilibrium.  Liquid  samples  were  then  withdrawn  and  vaporized  Into  a 
large  volume,  from  which  samples  were  taken  for  mass  spectrographlc  analysis. 
The  results  are  shown  in  Table  30  and  Figure  22.  It  Is  Interesting  to  note 
that  the  solubility  of  hydrogen  In  boron  trichloride  Increases  with  tem¬ 
perature,  a  behavior  which  is  contrary  to  that  of  most  gases,  but  not 
uncommon  for  hydrogen. 


TABLE  30 

Solubility  of  Hydrogen  in  BCI3 


Temp. 

(”C) 

Part.  Press. 
Hj  (psla) 

H2  in  Liquid 
(mole  7.) 

Avg.  Llq.  Comp, 
(mole  7.) 

-78 

0.0639: 

0.0619; 

0.0629 

0.0630 

-60 

0.1135: 

0.1132, 

0.1203 

0.1156 

-60 

64.4 

0.1125; 

0.1140, 

0.1076,  0.1084 

0.1106 

-60 

39.4 

0.07 19; 

0.0766; 

0.0660 

0.0715 

-60 

39.4 

0.0725; 

0.0680; 

0.0680 

0.0695 

-60 

14.4 

0.0261; 

0.0257; 

0.0237 

0.0252 

-30 

55.5 

0.122; 

0.121, 

0.119 

0.1210 

0 

85.6 

0.275; 

0.274; 

0.270 

0  273 

0 

55.6 

0.187, 

0.182; 

0.186 

0.185 

0 

30.6 

0.0933; 

0.0900; 

0.0920 

0.0918 

0 

30.6 

0.0900; 

0.0863, 

0.0857 

0.0873 

24 

78.2 

0.279; 

0.278; 

0.280 

0.279 

24 

60.7 

0.234; 

0.226, 

0.223 

0.228 
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li _ Hydrogen  Chloride  Solubility 

The  solubility  of  hydrogen  chloride  In  boron  trichloride  was 
determined  by  measuring  the  total  pressures  exerted  by  solutions  of  known 
compositions  of  hydrogen  chloride  and  boron  trichloride  at  various 
temperatures. 

The  apparatus  employed  In  these  studies  consisted  of  a  100  ml, 
round-bottom  flask  connected  to  one  side  of  a  "Y"  shaped  mercury  manometer, 
the  other  aide  of  which  was  attached  to  the  vacuum  system.  The  bottom 
aide  of  the  manometer  was  connected  to  a  mercury  reservoir  to  permit 
raising  and  lowering  of  mercury  levels  In  the  manometer.  The  volume  of 
the  gas  phase  in  this  system  was  very  small  compared  to  that  of  the  liquid 
phase. 


Known  amounts  of  hydrogen  chloride  and  boron  trichloride  were 
condensed  In  the  100  ml.  bulb  by  cooling  to  liquid  nitrogen  temperature. 

The  mercury  was  then  Introduced  Into  the  manometer  to  seal  off  the  bulb 
from  the  vacuum  aide  and  the  solution  was  warmed  to  the  desired  tempera¬ 
ture.  One  to  two  hours  were  allowed  for  equilibrium,  with  agitation  by 
tapping  of  the  bulb,  until  a  constant  pressure  was  reached. 

From  the  total  pressures  and  mole  fractions  of  hydrogen  chloride, 
the  partial  pressures,  fugacltles  and  activity  coefficients  of  the  hydrogen 
chloride  were  calculated.  These  data,  presented  in  Table  31  and  Figure  23, 
prove  that  the  solubility  of  hydrogen  chloride  In  boron  trichloride  Is 
lower  than  that  predicted  by  Raoult's  Law. 

TABLE  31 

Data  on  the  Solubility  of  HCl  in  BCI3 

Amount  of  BCI3  3  I155.7  mmoles.  Volume  of  vapor  phase  =  3-14  cc. 
depending  on  the  temperature  of  the  liquid  phase.  The  vapor  phase 
was  maintained  at  room  temperature. 


Temp. 

Cc) 

Mole 

Fraction 

xhci 

Total 

Press. 

(mm.) 

Part.  Press. 
HCl 
(mm.) 

Fucaglty 

Fhci 

(mm.) 

Activity 
Coeff . 

T  HCl 

0.0 

0.01155 

810 

338 

29,300 

1.508 

0.0 

0.01663 

954 

485 

29,150 

1.  499 

=22.6 

0.01159 

384.2 

214.2 

18, 490 

1.849 

-22.6 

0.01659 

475 

306 

18,450 

1.845 

-22,6 

0.02260 

582 

414 

18.320 

1.832 

-25.2 

0.01157 

342 

194 

16,790 

1.840 

-25.3 

0.01157 

346 

197 

17,070 

1.870 

-26,1 

0.01157 

343.5 

202 

17,500 

1.980 

'26,  3 

0.01157 

344 

204 

17,610 

1,980 

-78.5 

0.01161 

43 

38.5 

3,310 

3,010 

-78.5 

0.01663 

58 

53.5 

3,220 

2,92 

-78,5 

0.02265 

78 

73,6 

3,250 

2,96 
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4.  Dlborane  Solubility 

In  the  same  apparatus  as  was  used  to  study  the  solubility  of 
hydrogen  chloride  in  boron  trichloride,  the  solubility  of  dlborane  in 
liquid  boron  trichloride  was  determined  at  various  temperatures  by  measure¬ 
ment  of  the  total  pressures  exerted  by  solutions  of  known  composition. 

The  results,  given  in  Table  32,  were  consistent  and  normal  until  the  last 
measurement  was  taken  at  0*C.  The  pressure  remained  steady  at  785.0  mm. 
for  about  1.5  hours,  then  dropped  during  the  next  23.5  hours  to  a  new 
steady  value  of  620  ran.  This  behavior,  confirmed  by  infrared  analysis 
demonstrating  the  presence  of  BHCI2,  may  be  explained  on  the  basis  of 
the  reaction: 


B2H5  +  4BCI3  6BHCI2 

which  is  apparently  greatly  accelerated  in  the  presence  of  liquid  boron 
trichloride.  It  has  been  reported  elsewhere  that  dlborane  and  boron  tri¬ 
chloride  reach  equilibrium  with  BHCI2  in  the  gas  phase  only  after  57  days. 

TABLE  32 

Solubility  of  Dlborane  in  Liquid  BCl3*‘®^ 


Mole  Fraction 
B2H6 

Temperature 

rc) 

Observed  Total 
Pressure  (mm. )(b) 

0.00451 

"78.5 

15.5 

0.00451 

-22.9 

234.0 

0.00451 

0.0 

578.0 

0.00914 

-78.5 

26.0 

0.00914 

-22.9 

298.0 

0.00914 

0.0 

677.0 

0.0141 

-78.5 

37.0 

0.0141 

-22.9 

364.0 

0.0141 

0.0 

785.0 

(a)  Conditions: 

Total  amount  of  BCI3  -  1155.7  mmoles. 

Total  vapor  phase  -  8“14  ml. 

(b)  These  pressures  we.ie  recorded  after  constant 
values  were  obtained. 

An  edditlonal  amount  of  dlborane  was  added  to  give  a  mole  fraction 
cf  0.0205,  and  a  pressure  decrease,  which  oegan  Immediately,  was  again  noted. 
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This  phenomen  shown  in  Figure  24  was  also  observed  during  work 
to  determine  the  rate  constant  for  the  disproportionation  of  BHCI2  in  the 
liquid  phase.  In  a  preliminary  experiment^  5.09  mmoles  dlborane  and 
330.15  mmoles  boron  trichloride  were  allowed  to  stand  at  O'C  In  a  glass 
reactor  provided  with  a  mercury  manometer.  The  vapor  phase  was  very 
small  compared  with  the  liquid  phase.  The  initial  vapor  pressure  of  777 
mm.  Hg.  fell,  after  the  lag  phase,  to  604  mm.  during  960  minutes  (Curve  A, 
Figure  24).  In  a  second  experiment  (Curve  B),  604.06  mmoles  boron  trl~ 
chloride  and  5.15  mmoles  dlborane  were  stirred  at  O^C,  and  the  pressure 
change  followed. 

Since  these  results  Implied  that  the  reaction  Is  autocatalytlc 
and  that  BHCI2  acts  as  a  catalyst  to  accelerate  the  reaction,  the  hypo¬ 
thesis  was  tested  in  a  third  experiment  (Curve  C)  In  which  BHCI2  was 
present  from  the  start.  A  liquid  mixture  containing  0.537  mmoles  dlborane 
and  23.84  mmoles  boron  trichloride  was  allowed  to  stand  In  a  sealed  bulb 
at  room  temperature  for  about  16  hours.  This  mixture,  containing  BHCI2 
as  shown  by  Infrared,  was  condensed  at  “196®C  Into  a  mixture  of  598.12 
mmoles  boron  trichloride  and  5.25  mmoles  dlborane.  The  entire  mixture 
was  warmed  to  O^C  and  the  decrease  of  pressure  with  time  was  recorded. 

It  Is  thus  apparent  from  the  data  that  the  Initial  presence  of 
BHCI2  catalyzed  the  reaction  so  that  there  was  no  initiation  period. 
Furthermore,  the  pressure-time  curve  Is  "S"  shaped,  as  Is  characteristic 
of  autocatalytlc  reactions. 

5.  Back  Reaction  In  Liquid  BCl^ 
a.  Method  A 

The  apparatus  for  the  study  of  the  back  reaction  of  hydrogen 
chloride  with  BHCI2  (and  82!!^)  In  the  presence  of  liquid  boron  trichloride, 
as  might  occur  during  absorption,  was  designed  so  that  the  gas  phase, 
contained  In  a  two- liter  vessel,  could  be  bubbled  continuously  through 
the  relatively  small  liquid  phase  by  means  of  a  diaphragm  pump.  Outlets 
were  provided  to  permit  withdrawal  of  liquid  or  gas  phase  samples  as 
desired.  Pressure  was  measured  by  a  Bourdon  gauge.  The  use  of  a  large 
gas  volume  relative  to  liquid  volume  was  necessary  In  this  static  method 
to  maintain  a  relatively  constant  partial  pressure  of  hydrogen  chloride 
during  the  back  reaction. 

A  mixture  containing  B2Hg,  BHCI2  and  BCI2  was  Introduced  into 
this  system  and  the  gas  phase  was  bubbled  through  the  liquid  phase  for  a 
period  of  time  to  permit  equilibrium  to  be  attained.  The  mixture 
employed  was  the  same  that  had  been  employed  In  the  previous  experiments 
on  the  solubility  cf  dlborane  In  boron  trichloride.  It  was  transferred 
to  the  apparatus  by  distillation  under  vacuum.  The  liquid  phase  was  then 
brought  to  O^C  and  the  gas  phase  remained  at  ambient  temperature..  The 
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composition  of  Che  gas  phase  was  determined  by  Infrared  analysis  after  eight 
hours  of  pumping  and  again  after  10  hours.  The  results  are  shown  in  Table 
33. 

TABLE  33 

Vapor"Liquid  Equilibrium  in  B2H^-BHCl2-BCl3  System^^^ 


ComDOsitl( 

jn  of  Vanor 

After  8  hrs. 
(mole  7.1 

After  10  hrs. 
(mole  T1 

BC13 

71.3 

71.6 

BHC12 

13.87 

14.0 

B2H6  (by  diff.) 

14.83 

14.4 

(a)  Conditions; 

IniC.  total  charge  of  BCI3  -  1155.7  mmoles; 

of  B2Hg  =  23.6  mmoles. 

Total  vol.  of  apparatus  •  2105.0  ml. 

Est.  liquid  phase  vol.  ■  94.0  ml. 

Total  pressure  >  633  mm. 

Total  gas  in  vapor  phase  >  71.1  mmoles 

From  these  data  it  was  possible  to  calculate  the  fugacltles  of  BCI3  and 
BHCI2  which  are  shown  in  Table  34. 


TABLE  34 

Fugacities  of  BCI3  and  BHCI2  at  0°C 


^BCl^^"™-) 

Data  after  8  hours 

481 

1.900 

Data  after  10  hours 

484 

1.860 

Literature 

477 

Calculated  from  other  data 

1.827 

Before  introducing  the  hydrogen  chloride,  a  mixture  of  boron 
trichloride  and  diborane  was  introduced  and  circulated  in  the  system  for 
seven  hours.  The  liquid  phase  was  maintained  ac  o''C  and  the  gas  phase  at 
ambient  temperature.  Vapor  and  liquid  phase  samples  were  withdrawn  for 
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analysis.  After  four  more  hours  of  pumping,  samples  were  again  withdrawn. 
The  following  shows  the  results: 


Composition,  Mole  %, 

_ After  7  Hrs. _ 

Liquid  Phase  Vapor  Phase 
(bv  hydrolysis)  ( Infrared! 


Composition,  Mole  X 
After  11  Hrs. 
Vapor  Phase 
(Infrared) 


BCI3  95.0  81.6 

BHCI2  5.0  13.3 

B2Hg  “  5.1 

(by  dlff.) 


83.6 

12.5 

3.9 

(by  dlff.) 


The  difference  In  analysis  of  the  vapor  phase  after  7  hours 
and  after  11  hours  could  be  an  Indication  that  equilibrium  had  not  yet  been 
reached  after  7  hours.  However,  a  decrease  In  dlborane  should  be  accom¬ 
panied  by  an  Increase  In  BHCI2  and  a  decrease  In  BCI2,  which  Is  contrary  to 
the  analytical  data.  Part  of  the  difficulty  Is  probably  connected  with  an 
Inherent  limit  In  the  accuracy  of  the  analytical  method  (especially  dlborane 
when  determined  by  difference).  When  equilibrium  seemed  to  be  assured, 
hydrogen  chloride  was  added  and  the  rate  of  change  In  concentration  of  the 
BHCI2  was  determined.  . 


The  gas  phase  was  continually  pumped  through  the  liquid,  and 
liquid  and  vapor  phase  samples  taken  at  measured  Intervals  for  analysis. 


The  results  showed  an  erratic  trend  In  the  decrease  of  hydride 
content,  however,  and  It  was  decided  that  In  this  system  It  was  not  possible 
to  maintain  equilibrium  conditions  adequately  to  obtain  accurate  measures 
of  reaction  rates.  Consequently  another  method  of  measuring  the  rate  of 
back  reaction  was  devised,  as  described  under  Method  B. 

b.  Method  B 


Although  the  back  reaction,  BHCI2  +  HCl  H2  +  BCI3J  shows 

no  change  In  the  number  of  moles  of  gas  as  the  reaction  proceeds,  It 
should  be  possible  to  measure  an  Increase  In  pressure  because  of  the  fact 
that  hydrogen  Is  much  less  soluble  In  boron  trichloride  than  is  the  hydrogen 
chloride. 


* 


* 


The  reaction  was  carried  out  In  a  stainless  steel  pressure 
vessel  provided  with  a  Bourdon  gauge,  and  In  which  the  vapor  volume  was 
kept  small  compared  to  the  liquid  volume.  The  reaction  vessel  was  charged 
with  682.76  mmoles  of  boron  trichloride  and  3.17  mmoles  of  dlborane  and 
agitated  for  three  days  at  ambient  temperature  to  permit  the  BCl3“BHCl2~ 
B2Hg  equilibrium  to  be  established.  In  another  pressure  vessel  connected 
to  the  reaction  vessel,  but  closed  off  by  a  valve,  were  contained  6.28 
mmoles  tf  hydrogen  chloride  and  289.66  imncles  of  boron  trichloride.  After 
equilibrium  conditions  had  been  reached  in  the  reaction  vessel,  it  was 
Immersed  in  an  ice  bath  and  with  constant  shaking  given  time  to  reach  O^'C. 
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Now  the  BCl2"HCl  solution  (at  about  7‘'C)  was  permitted  to  run  as  a  liquid 
Into  the  reaction  vessel  by  opening  the  connecting  valve  for  a  short  time. 
Measurement  of  the  hydrogen  chloride  and  boron  trichloride  which  had  not 
entered  the  reaction  vessel  showed  that  5.04  mmoles  of  hydrogen  chloride 
and  261.35  mmoles  of  boron  trichloride  had  gone  Into  the  reactor. 

Following  are  the  over-all  mole  fractions  of  materials  In  the  reactor: 


Mmoles 

BCl, 

931.43 

HCl 

5.04 

BHCI2 

955.49 

Mole-Fraction 

0.097482 

0.00527 

0.01991 


The  Increase  of  pressure  with  time  was  noted  and  Is  recorded 
In  Table  35  and  plotted  In  Figure  25. 

TABLE  35 

Back  Reaction  of  HCl  with  BHCl2^^^ 


Pressure 

(oslal 

Time 
fmln. ) 

Pressure 
( PS  la  3 

Before  HCl  addn. 

13.6 

376 

23.7 

0 

After  HCl  addn. 

18.7 

456 

25.2 

2.25 

18.6 

506 

25.8 

3.25 

18.7 

569 

26.7 

4.25 

18.7 

625 

27.0 

9.25 

18.7 

2059 

35.8 

47 

18.7 

2225 

37.8 

77 

19.7 

2466 

39.7 

106 

19.7 

2621 

41.7 

136 

20.2 

2866 

43.7 

166 

20.7 

2926 

44.7 

197 

21.2 

3468 

48.9 

226 

21.7 

3730 

51.1 

257 

21.8 

3993 

53.2 

294 

22.5 

4233 

55.2 

317 

22.8 

4942 

59.0 

(a)  Conditions. 

Vol.  of  liquid  phase  -  81.1  ml. 
Vol.  of  gas  phase  >  23.4  ml. 
Temp,  of  reaction  =  0''C  +  l"C. 
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Figure  25.  Total  Pressure  of  Reaction  Vessel  at  0®C 
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A  sample  of  the  liquid  was  withdrawn  at  the  end  of  the  reaction 
and  a  wet  analysis  performed. 

Examination  of  the  data  shows  that  the  back  reaction  follows 
first  order  kinetics  with  respect  to  both  BHCI2  and  HCl,  according  to  the 
equation: 

'  *'’‘BHCl2*’'HCl 

where  x  is  the  mole-fraction  of  each  reactant.  The  rate  constant,  k,  was 
found  to  be  0.018  mln.“l  at  0*C. 

Further  experiments  were  designed  to  confirm  the  order  of 
reaction  with  respect  to  BHCI2  by  operating  with  a  large  excess  of  HCl 
over  BHCI2.  In  these  experiments,  the  BHCI2  was  prepared  by  the  inter¬ 
action  of  B2Hg  and  BCl^,  according  to  the  equation. 

B2Hg  +  4BCI3  - -  6BHCI2 

In  a  typical  experiment,  at  0°C,  a  liquid  mixture  of  1296.13 
mmoles  of  BCI3  and  2.89  mmoles  B2Hg  was  allowed  to  stand  at  room  temperature 
in  a  stainless  steel  reactor  with  very  small  vapor  space  to  produce  BHCI2. 
After  five  to  six  days  the  vapor  phase  was  examined  by  Infrared  and  was 
observed  to  consist  entirely  of  BHCI2  and  BCI3;  there  was  no  detectable 
B2H5.  After  the  mixture  had  equilibrated  at  0®C,  a  liquid  mixture  of  185.83 
mmoles  HCl  and  249.11  mmoles  of  BCI3  was  added.  Continuous  agitation  was 
applied  and  the  pressure  rise  with  time  was  followed.  The  rate  constant 
was  found  to  be  0.030  mln.“l  compared  to  the  value  of  0.018  min.'l  obtained 
in  the  first  experiment  described.  It  is  believed  that  the  high  k  value 
is  Che  more  accurate. 

This  procedure  was  employed  Co  determine  Che  value  of  Che 
rate  constant  at  24.3‘’C  and  37.0''C  with  all  results  tabulated  as  follows: 

Temp.  k 

X!-CI-  Isiiulii 

0  0.018 

0  0.030 

24.5  0.098 

37.0  0.092 

The  values  obtained  give  a  reasonable  measure  of  the  rate  of 
reaction,  but  are  not  sufficiently  accurate  to  give  a  reliable  Arrhenius 
plot  for  determination  of  the  activation  energy. 
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IV.  PlsproDortlonatlon 

A.  Rate 

Experiments  were  conducted  to  determine  the  extent  and  rate  of  dispro¬ 
portionation  according  to  the  equation. 

6BHC  12^11^  B2Hg  +  4BCI3 

The  method  used  was  simply  to  reflux  a  solution  of  BCI3  and  BHCI2  and 
to  collect  the  non-condensable  gas  (B2Hg)  emanating  from  the  top  of  the 
reflux  condenser.  These  runs  were  conducted  at  atmospheric  pressure  and 
the  reflux  condenser  was  cooled  to  -78‘‘C  with  dry  Ice.  The  B2Hg  was 
collected  in  a  trap^  cooled  by  liquid  N2;  following  the  reflux  condenser. 

In  one  experiment  a  fractionating  column  filled  with  Podblelnlak  stainless 
steel  Hellpaks  was  Interposed  between  the  boiling  flask  and  the  reflux 
condenser.  In  the  other  experiments  no  fractionating  column  was  used. 
Results  are  given  In  Table  36. 


TABLE  36 

Disproportionation  of  BHCI2 


HRS! 

Distillate 

Fraction 

No. 

Time  of 
Reflux 
Imln. 1 

HI 

H 

B 

Cl 

486-150(a) 

1 

■■1 

- 

EBSI 

2 

- 

3 

* 

0.-6Q 

Totals 

555 

40.20 

A86-157<*») 

1 

30 

228 

23.86 

3.63 

2 

30 

mSM 

265 

4.02 

0.11 

3 

60 

13.0 

280 

2.90 

0.10 

4 

_2Q 

13.2 

266 

JiJlQ 

-I.W 

0.21 

Totals 

210 

35.38 

12.25 

4.05 

486- 166^'=) 

1 

5 

11.8 

- 

19.99 

9.39 

11.31 

2 

10 

12.6 

288 

1.03 

0.38 

0.10 

3 

30 

13.4 

299 

3.67 

1.26 

0.10 

4 

60 

14.6 

265 

2.78 

0.98 

0. 13 

5 

_62 

14.9 

256 

-1.71 

0.63 

Totals 

168 

29.18 

12.64 

11.74 

(a) 

Initial 

Charge: 

245.56 

mmoles 

BCI3 

40.52 

mmoles 

BHCl 

(b) 

Initial 

Charge. 

113.32 

mmoles 

BCI3 

36.94 

irmoles 

BHCl 

(c) 

Tr  ttia  1 

Charge: 

76.16 

mmoles 

BGI3 

30.46 

mroles 

BHCl 

i.09 

nwi:  les 

HCl. 
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The  recoveries  of  total  available  diborane  were  99.3  per  cent  in  9.3 
hourS;  95.8  per  cent  In  3.5  hours,  and  95.7  per  cent  in  2.8  hours,  res¬ 
pectively.  The  major  portion  of  the  diborane  was  collected  very  rapidly 
and  presumably  the  recoveries  of  the  latter  two  experiments  would  have 
been  higher  if  they  had  been  continued  longer.  The  observed  H/B  ratio 
was,  in  general,  below  the  theoretical  value  of  3.0j  this  is  attributed 
to  the  small  amounts  of  BCI3  and  BHCI2  carried  over  into  the  collector  by 
the  gases  leaving  the  reflux  condenser  at  ~78'‘C. 

B.  Equilibrium  Constant 

The  value  of  Kx  for  the  reaction 

6BHCl2^;i^  B2Hg  +  4BCI3 

was  redetermined  in  the  course  of  studying  the  back  reaction  in  liquid  BCI3. 
the  four  experimental  values  obtained  at  O’C  were; 

(^BHCl2)^ 


EK.pt.  No. 

Kx 

^»86“274 

13.1  X  10^ 

486-276 

7.28  X  10^ 

654- 50 

12.9  X  lo3 

654-59 

52.5  X  10^ 

Best  Value 

3 

15.93  X  10  (geometric  mean) 

Logio»Sc 

4.203  +  0.259  (avg.  dev.) 

It  was  possible  to  combine  this  result  with  fugaclty  data  to  derive  a 
value  of  Kp  (gas  phase  equilibrium  constant.  The  following  values  of  the 
fugactty  have  been  used; 


K 


P 


fBCl3 

'^BP.Cl2 

‘'®2»6 


0.628  atm.  (literature  value) 
1.880  +  0.020  aCit, 

29.6  atm. 


.  K - - — 

(^BHCl2) 


0.1660  atm.'^  at  O'C  or 
2.18  (mm. 
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C.  The  Reaction  of  HCl  with  B2H6 

Since  an  Imperfect  separation  process  would  lead  to  HCl  contamination 
of  the  B2Hg  produced.  It  was  Important  to  learn  If  HCl  reacts  with  B2Hg. 

If  a  reaction  does  occur.  It  may  be  possible  to  purify  HCl  contaminated 
B2H5  under  conditions  which  promote  the  reaction. 


An  experiment  was  designed  so  that  the  reaction  of  HCl  with  B2H6  In 
the  gas  phase  over  a  period  of  time  could  be  followed  by  Infrared  analysis. 
A  mixture  of  12.09  mmoles  of  HCl  and  12.02  mmoles  of  B2Hg  were  condensed 
Into  the  vessel  and  then  permitted  to  reach  room  temperature.  Infrared 
analyses  at  various  Intervals  are  shown  below: 


Mole  %  After 
_ lOS-ntiOi _ 


Mole  7.  After 
_ 225  min. 


Mole  X  After 
21.75  hrs. 


B2H6 

BHClj 

BCI3 


45.3 

1.05 


45.6 

3.33 

3.95 


35.3 

7.67 

10.5 


It  was  also  noted  after  225  minutes  that  bands  at  11.8/u  and  12.05/u 
were  appearing.  These  bands  correspond  to  the  bands  reported  by  Aerojet- 
General  for  B2H5CI. 


In  all  measurements  of  BHCI2  no  correction  was  made  for  the  effect 
of  B2H5CI  on  the  band  at  9.1  yu.  Non-condensable  gas  (H2)  was  observed 
during  the  manipulation  of  the  samples  for  Infrared  analysis. 


A  mixture  was  prepared  containing  less  hydrogen  chloride;  that  Is, 
22.72  nmoles  dlborane  and  4.34  nmoles  hydrogen  chloride,  and  the  mixture 
was  also  examined  by  Infrared,  as  follows; 


Mole  X  After 
55  min. _ 


Mole  X  After 
_ 19.5  hrs. 


B2H5  77.4  78.3 

BHCI2  0.469  3.34 

B2H3CI  Very  Small  Small 


A  mixture  containing  19.59  mmoles  dlborane  and  0.362  mmoles  hydrogen 
chloride  gave  the  following  results: 


Mole  X  After 
60  min. 


Mole  X  After 
145  min. 


Mole  X  After 
21.5  hrs. 


52H6  94.6 
BHCI2  None 
B2H3CI  None 


99.? 

0.2R9 

Trace 


94.1 

0.336 

Trace 
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It  is  evident,  therefore,  that  B2H5  reacts  with  HCl  at  an  appreciable 
rate  to  nroduce  BHCI2,  BCI3,  B2H5CI  and  H2.  The  conditions  under  which 
these  reactions  were  conducted  were  much  milder  Chan  those  to  be  employed 
In  Che  pilot  plant  where  much  higher  temperatures  and  pressures  are  used 
and  which  should  increase  Che  rate  >£  back  reaction  accordingly.  If  HCl 
appears  with  B2Hg  in  the  disproportionator,  where  the  hold-up  time  is  very 
high  compared  to  the  hold-up  in,  say,  the  primary  absorber,  a  considerable 
amount  of  back  reaction  may  take  place. 

The  relative  volatility  of  HCl  with  respect  to  BHCI2  Is  very  high 
compared  to  relative  volatility  of  HCl  versus  B2H5  and  it  is  clearly  most 
logical  to  effect  complete  separation  of  Che  HCl  before  the  reaction 
product  reaches  the  disproportionator.  The  back  reaction  which  can  take 
place  in  Che  disproportionator,  as  well  as  in  any  purifying  unit  following 
Che  disproportionator,  makes  Che  logic  of  effecting  the  separation  prior 
to  the  disproportionator  even  more  compelling. 

V.  Properties  of  Boron  Compounds 

A.  Physical  Properties  of  BCI3 

The  following  empirical  formulae^^^  for  the  physical  properties  of 
BCI3  over  a  temperature  range  of  -40®C  to  +  lO'C  for  one  atmosphere  are 
quoted: 


1.  Density  of  the  liquid; 

/<-L(gm./cc.)  »  1.3730  -  0.002159  t(''C)  -  8.377  x  lo’^C^ 


2.  Viscosity  of  the  liquid; 


/“L  (c.p.) 


_ SL2M2 _ _ 

1  +  0.006966t  -  5.9013  x  lO'^t^ 


3.  Thermal  conductivity  of  the  liquid: 

(cal. /sec. -cm. “C” )  »  25,88  -  0.0525t 

Mellor  reports  two  values  of  the  liquid  density. Another  value  Is 
given  by  Stauffer  Chemical  Company. These  are  not  In  agreement  with 
the  above  data. 


Three  methods  of  estimating  viscosities  from  structural  considerations 
are  obtained. By  using  viscosity  data  for  diboiane(8)  the  structural 
values  of  boron  were  established  and  estimates  made  for  boron  trichloride. 
These  agreed  best  with  data  of  (2)  above.  All  data  are  plotted  in  Appendix 
C. 
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B.  Bolling  Points 

Experimental  determinations  of  the  vapor  pressure  of  pure  BHCI2  have 
been  obscured  by  the  instability  of  the  pure  compound  at  ordinary  tempera¬ 
tures.  There  appeared  to  be  reason  to  doubt  the  validity  of  estimates 
based  on  analogy  to  compounds  of  other  elements.  One  of  the  more  successful 
empirical  methods  of  estimation  has  been  based  on  the  parachor  of  Sugden. 
Where  a  compound  may  be  viewed  as  a  member  of  an  homologous  series^  the 
boiling  point  of  each  member  will  generally  be  a  regular  function  of  the 
parachor.  Where  there  is  little  change  in  polarity  from  member  to  member^ 
the  curvature  of  this  function  is  small  and  extrapolation  may  be  accurate. 

The  comoound  BHCI2  may  be  regarded  as  a  member  of  many  individual 
homologous  series  such  as  BHX2,  BRCI2,  BHjjCl^^jj*  ^  R  ••  C2H5J  etc. 

For  each  such  "family",  a  single,  smooth  plot  of  parachor  versus  boiling 
point  can  be  constructed.  Owing  to  a  lack  of  complete  data  in  the  litera¬ 
ture,  not  all  these  primary  data  could  be  obtained  directly. 

The  available  literature  data  are  listed  in  Appendix  D  together  with 
the  plot  of  parachor  versus  boiling  point  for  each  homologous  series. 

The  values  used  for  the  parachors  are  taken  from  previous  National  Dis¬ 
tillers  Chemical  Corporation  laboratory  work  and  from  Hougen  and  Watson. 

On  the  basis  of  these  data,  it  is  estimated  that  the  boiling  point  of 
BHCI2  is  -13*C  +  A'C  at  760  mm. 

VI.  Thermodynamic  Data 

A  confidential  report has  presented  accurate  data  for  the  equili¬ 
brium  constant  of  the  reaction: 


H2  +  BCI3; 


BHCI2  +  HCl 


PBHCI2  ^llCl 

-  *  p 

Ph-  ^BCl, 


at  temperatures  of  BOO'C  to  1000'’C.  A  previously  used  confidential  report 
presented  a  value  for  the  equilibrium  constant  of  the  reaction: 


(11) 


6BHCI2  =  B2H5  +  4bCl2 

Pd  u  X  P^ 

BCId  -1 

K  =  _ 2  6  _ I  .  0.7  +  0.3  mm.  1 

P  ^ 

BHCl^ 

at  25‘C.  From  this,  tr^e  value  of  K  at  25°C  may  t®  accurately  computed  as- 


K.  0.947  X.  10  ^  +  0.0’  X  10" 
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The  best  fit  (visual^  not  least  squares)  of  these  data  was  obtained 
by  the  equation: 

log^^K  =  1.521  -  0.3694  (^)  +  0.0016432 

From  this  It  is  possible  to  derive  several  valuable  sets  of  data; 


1.  Heat  of  reaction  for  the  hydrogenation 

=  d(l/T) 

-  4.5760  X  10^  1^0.3694  +  0.0032  864  (■^)J(ca  1/mole) 

2.  Ac.d.°  of  the  hydrogenation 

AC.p.”  -  c.p.(BHCl2)  +  c.p.(HCl)~c.p.(H2)“c.p.(BCl3) 

„  d(AH‘’)  ,  +  (cal/mole  -  ‘K) 

dX 

Since  Ac.p.  Is  the  second  derivative  of  the  original  data^  the 
accuracy  of  this  figure  Is  apt  to  be  poor. 


3.  Heat  of  formation  of  BHClp  at  various  temperatures 


AH’ 


AHf'(BHCl2)  +AHf‘’(HCl)  -AHf'’(H2)  “AHf®(BClj) 


4.5760  X  10^ 


-0.3694  +  0.0032864 


(cal/mole) 


By  use  of  the  values  of  the  heats  of  formation  at  various  tempera¬ 
tures  as  given  in  the  Bureau  of  Standards  Circular  500,  the  heat  of 
formation  of  BHCI2  was  computed  at  278° K  to  500° K. 


4.  Free  energy  of  formation  and  absolute  entropy 
of  BHCl?  at  298° K 


a.  When  the  value  of  K  at  25°C  as  stated  above  and  the  NBS 
values  for  the  free  energy  formation  §f  BCI3  and  B2H5  are  used,  the  free 
energy  of  formation  of  BHCI2  at  298°K  is  found  to  be  -58,423  cal/mole. 

b.  For  the  hydrogenation  reaction. 


t^'en 


A&° 


d(-RT  In  K)  , 
dT 


-  As° 


»  4.576 


1,52  “  0,0032864 


(cal/iPcl'P-’K) 
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The  value  of As“  at  298“K  is  found  to  be  "9.97  cal/mole"®K. 
Using  NBS  values  of  absolute  entropy  for  H2,  BCI2  and  HCl,  the  value  of 
S  for  BHCI2  at  298®K  is  found  to  be  +  45.91  cal/mole"“K. 


5.  Equilibrium  constant  for  the  disproportionation 


At  any  temperature^  the  relation  between  the  disproportionation 
equilibrium  constant  (Kp)  and  that  of  the  hydrogenation  Is  expressed  by: 

-RT  ln(K  X  -AF“f(HCl)  +  1/6  AF^f  (B2Hg)  "  1/3  AF®£(BCl3) 

where; 


Af®^  (N)  >  standard  free  energy  of  formation  of  compound  N. 

Using  the  NBS  values  for  the  free  energies  of  formation  on  HCl^ 
^2^6  value  of  was  estimated  from  278®K  to  500®K. 

6.  Heat  of  reaction,  AH®,  for  the  disproportionation 

On  use  of  the  heat  of  formation  of  BHCI2  computed  In  (3)  above 
and  the  NBS  values  of  the  heats  of  formation  of  BCI3  and  B2H6,  the  heat 
of  reaction  for  the  disproportionation  was  computed  by  the  relation; 

AH®  -AH“£(B2H6)  +  4AH®f(BCl3)  -  6AH®£(BHCl2) 
for  temperatures  between  278*K  and  500*K. 

Detailed  plots  of  these  data  appear  in  Appendix  E. 


VII.  Analytical  Methods 

In  genera  1;  no  methods  of  analysis  were  developed  which  could  be 
considered  entirely  satisfactory.  Chemical  analysis  was  the  most 
reliable^  but  it  was  slow  and  did  not  distinguish  between  B2Hg  and  BHCI2. 
Furthermore,  determination  of  the  amount  of  HCl  present  was  based  on  a 
calculation  of  differences  which  could  easily  magnify  a  small  percentage 
error  to  a  large  one. 

A.  Chemical  Methods 

The  procedure  employed  for  chemical  analysis  involved  first  the 
condensation  of  the  products  into  a  vessel  containing  water  frozen  at 
-196“C,  sealing  the  vessel,  and  then  allowing  the  water  and  products  to 
warm  up.  The  hydrolysis  products  consisted  of  boric  acid,  hydrochloric 
acid  and  hvdrogen.  The  hydrogen  was  Isolates  by  means  of  a  Toepler  pump 
and  measured.  The  total  boron  and  hydrochloric  acid  were  determined 
ticrimetrically.  From  these  data,  the  boron  hydride  content  was  found 
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and  the  conversion  and  yield  could  be  calculated  based  on  the  boron  and 
chlorine  balance. 

As  already  Indicated,  the  chemical  method  did  not  distinguish  between 
^2^6  BHCI2,  although  It  did  reveal  the  total  number  of  B-H  bonds 
formed.  The  amount  of  HCl  formed  could  be  calculated  also,  but  because  It 
Involved  a  calculation  by  differences,  a  small  experimental  error  could  be 
magnified  considerably. 

B.  Instrumental  Methods 

1.  Infrared  Spectroscopy 

The  use  of  infrared  should  be  Ideal  for  analysis  of  these  materials 
because  distinct  absorption  bands  specific  for  each  component  present  can 
be  observed.  Unfortunately,  pressure  broadening  effects  to  a  significant 
degree  were  observed  with  these  materials;  that  Is,  the  presence  of  each 
component  affected  the  absorption  curves  of  the  other  components  present. 
Consequently,  to  obtain  reliable  results  It  was  necessary  to  set  up  a 
series  of  calibration  curves  which  delineated  the  mutually  Interacting 
effects. 


An  Infrared  calibration  curve  of  BHCI2  in  the  presence  of  BCl^ 
was  prepared.  A  mixture  of  BHCI2  and  BCl^  of  known  hydride  content  (as 
determined  by  the  hydrolysis)  was  used  in  the  determination  of  the  optical 
densities  of  BHCI2  at  various  total  pressures.  Knowing  the  partial  pres" 
sures  of  BCI3,  the  differences  from  total  pressures  were  considered  those 
of  BHCI2.  From  these  data  the  optical  densities  of  BHCI2  were  determined 
and  the  extinction  coefficients  calculated.  For  a  one  cm.  cell  at  25‘'C 
with  sodium  chloride  windows  and  with  double  slits,  the  following  values 
were  obtained: 

Wavelength  Extinction  Coefficient  (k) 

BCI3  10.10  /I  1.9  X  10“2 

BHCI2  9.12  /u  1.2  X  10’2 

The  optical  density  of  BHCI2  was  linear  with  respect  to  its  partial 
pressure  up  to  6  mm.  The  partial  pressures  of  BCI3  In  the  mixtures  were 
adjusted  not  to  exceed  43  mm.  A  one  cm.  cell  was  employed  for  this  work 
because  the  absorption  of  BCI3  was  too  strong  In  a  larger  cell,  unless 
very  low  pressures  were  used. 

American  Potash  &  Chemical  Corporation  reported  similar  calibra¬ 
tion  curves  for  BHCI2  using  3.9  /u  and  9.12 /u  bands.  Since  separate 
calibrations  were  required  for  different  machines,  it  was  necessary  in 
any  case  to  determine  such  a  calibration  curve  Independently.  The  3.9  ^ 
curve  would  not  be  useful  In  the  presence  of  appreciable  amounts  of  B2Hg 
since  the  latter  also  absorbed  In  that  region.  Following  Is  a  comparison 
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of  extinction  coefficients  determined  by  American  Potash  &  Chemical  Cor~ 
poration  and  National  Distillers  Chemical  Corporation; 


Extinction  Coefficient 
Wavelength  AP&CC  NDCC 

BCI3 
BHCl 
BHCl| 


10.1  yu 
9.12  yu 
3.9  yu 


1.5  X 
2.1  X 

1.6  X 


1.9  X  10 

1.2 

1.7 


■^-2 


X  10 


Oiborane  cannot  be  measured  in  the  one  cm.  cell  and  it  was  there'- 
fore  not  possible  to  determine  its  effect  on  the  BHCI2  calibration  curve. 


Further  studies  on  infrared  spectra  have  shown  the  following; 


a.  Hydrogen  has  no  pressure  broadening  effect  on 
BHCI2  in  the  9.12  yu  band  nor  on  BCl.  at  the 
lO.lyu  band. 

b.  Hydrogen  chloride  has  no  pressure  broadening 
effect  on  BHCI2  at  9.12  yu  nor  on  BCI3  at  10.1 yu. 


Infrared  analysis  of  known  mixtures  of  BCI3  and  B2Hg  showed  that 
B2Hg  can  be  measured  accurately  (using  the  2.8yu  band)  in  the  partial 
pressure  range  of  10  mm.  to  120  mm.  in  the  presence  of  BCI3.  The  latter 
exerts  no  pressure  broadening  effect  on  B2Hg.  Within  the  same  range  of 
pressures  there  has  been  observed  a  scatter  of  points  with  respect  to 
the  determination  of  BCI3  in  the  presence  of  B2Hg.  Apparently  there  is 
no  specific  pressure  broadening  effect.  When  pure  BCI3  is  put  into  the 
IR  cell  it  is  found  on  standing  that  the  band  of  8.3  microns  increases 
in  intensity  with  time.  This  effect  has  been  produced  rapidly  by  the 
addition  of  a  slight  amount  of  water^  and  accordingly  it  is  attributed 
to  a  species,  such  as  BCl2(0H),  CI2BOBCI2  or  CI3O3B3,  which  might  result 
from  hydrolysis.  It  is  considered  that  the  scatter  of  points  which 
appears  when  B2Hg  is  present  may  be  due  to  this  effect,  it  being  assumed 
that  during  the  process  of  introducing  the  B2H5  sample  the  extra  mani¬ 
pulations  and  extra  time  permit  a  greater  effect  of  trace  moisture.  The 
bands  at  7.05  microns  (preferred)  and  6.85  microns  are  employed  for  the 
determination  of  BCI3  in  the  presence  of  B2Hg,  cut  they  are  also  affected 
to  a  slight  extent  when  the  band  at  7.3  microns  increases. 

2.  Vapor  Phase  Chromatography 

The  determination  of  boron  hydrides  by  vapor  phase  chromato¬ 
graphy  has  been  well  developed  and  procedures  are  described  in  the 
literature.  However,  it  has  been  found  that  mixtures  which  include  BCl^ 
and  BHCI2  are  a  special  problem.  The  usual  supporting  materials,  such  as 
fire  brick,  tend  to  retain  the  boron  trichloride.  Capillary  columns  or 
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sCainless  steel  packed  columns  wetted  with  an  inert  oil  or  with  diphenyl 
sulfide  gave  considerable  tailing. 

The  mass  spectrograph  gave  fairly  reliable  results  with  a  mixture 
of  BCl^  and  B2Hg.  However,  it  was  difficult  to  eliminate  traces  of 
moisture  in  the  mass  spectrograph  and  moisture  sensitive  materials  were 
thereby  affected. 

3.  Electrical  Conductivity  of  HCl  in  Liquid  BCI3 

Since  it  would  be  convenient  for  plant  control  purposes  to 
determine  the  concentration  of  HCl  in  liquid  BCl^  by  measurement  of  the 
specific  resistance,  a  conductivity  cell  was  Installed  in  the  high  vacuum 
system,  and  solutions  of  HCl  in  BCl^  were  prepared  with  various  partial 
pressures  of  HCl.  At  total  pressures  up  to  577  mm.  Hg.  (liquid  at  0°C0, 
the  specific  resistance  was  beyond  the  scale  limit  (250  x  10^  ohnu-cm. ) 
of  the  instrument  used  (Industrial  Instruments,  Inc.  Conductivity  Bridge 
Model  RC-16B-1,  cell  constant  0.1).  Since  sensitivity  at  low  concen¬ 
trations  is  desired,  it  might  be  possible  to  increase  the  cell  sensitivity 
by  reducing  the  distance  between  the  electrodes  and  by  use  of  larger 
electrode  areas. 


PRBPILOT  PLAMT  EVALUATION 


I.  Reactor  Development 

The  first  objective  of  this  program  was  to  obtain  specific  informa¬ 
tion  regarding  suitable  materials  of  construction,  configuration,  and 
operating  conditions  which  would  permit  design  of  the  pilot  plant  hydro¬ 
genation  reactor.  The  first  of  these  was  particularly  Important  since 
data  on  the  relationships  of  operating  conditions  to  conversions  and 
yields  were  being  accumulated  in  the  laboratories  of  National  Distillers 
and  Chemical  Corporation. 

A.  Rouioment 

1.  General  Arrangement 

The  schematic  flowsheet  of  equipment  to  study  the  hydrogenation 
of  BCI3  is  shown  in  Figure  26.  This  general  equipment  arrangement  was 
used  during  Runs  100  through  602. 

Hydrogen  gas  from  pressurized  cylinders  passed  in  succession 
through  a  pressure  regulator,  an  orifice-type  flowmeter,  a  hot  copper 
deoxidizer,  a  cooler-condenser,  and  a  silica  gel  drying  tube  before 
entering  the  hydrogen  preheating  coll. 
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Boron  trichloride  liquid  was  forced  by  pressure  through  a  porous 
Teflon  filter^  an  orifice  type  flowmeter,  and  a  flow  regulating  valve 
before  entering  the  boron  trichloride  vaporizing  and  preheating  coil. 

The  exact  arrangement  of  boron  trichloride  and  hydrogen  pre¬ 
heating  systems  was  varied  during  this  portion  of  the  program.  The 
particular  preheater  arrangement  shown  in  Figure  26  was  that  used  in 
Run  208. 


From  the  reactor  the  gas  products  passed  through  a  cooling  coil, 
immersed  in  water,  thence  to  a  porous  porcelain  filter,  and  then  through 
a  flow  regulating  valve  before  being  discharged  to  the  scrubbing  and 
clean-up  towers  for  disposal. 

Product  gas  samples  collected  in  the  sample  storage  chamber  were 
transferred  to  the  glass  vacuum  system  for  sample  manipulation  and 
analysis. 


2a _ Hydrogenation  Reactors 

Details  of  the  hydrogenation  reactors  are  summarized  in  Table 
37.  The  design  of  the  first  hydrogenation  reactor  which  was  tested  is 
shown  in  Figure  27.  The  first  reactor  of  this  design  was  made  of  carbon 
steel,  and  the  second  of  stainless  steel.  Type  347.  Reactants,  hydrogen 
and  boron  trichloride,  were  premixed  in  the  head  of  the  reactor  before 
passing  into  the  reaction  chamber. 

The  next  reaction  chambers  are  detailed  in  Figures  28  and  29. 
The  revised  reactor  head  design  for  these  reactors  permitted  internal 
silver  plating  of  the  bored  inlet  hole. 

The  modifications  which  permitted  silver  lining  throughout  the 
warm  boron  trichloride  contact  areas  are  shown  diagrammatically  in 
Figure  30,  with  further  details  in  Figure  31. 

3.  Hydrogenation  Catalyst 

The  only  form  of  hydrogenation  catalyst  used  in  this  work  was 
20  mesh,  fine  silver  screen,  made  of  0.014  inch  diameter  wire.  This 
screen,  obtained  in  large  screen  sections,  was  sized  for  insertion  in 
the  5/8  inch,  1  inch  and  1/2  inch  diameter  reactors  by  punching  out 
circular  sections  with  appropriately  sized  dies.  Silver  screen  from 
both  Newark  Wire  Cloth  Company  and  Cleveland  Wire  Cloth  Company  was  used 
without  discrimination. 
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FIGURE  26.  SCHEMATIC  FLOWSHEET:  REACTION  EQUIPMENT,  HYDROGENATION  OF  BORON  TRICHLORIDE 
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FIGURE  27.  REACTION  CHAMBER,  HYDROGENATION  OF  BORON  TRICHLORIDE 
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FIGURE  28.  REACTION  CHAMBER 


FIGURE  30.  DIAGRAM  OF  PREHEATER  AND  SILVER-LINED  MIXER  AND  REACTOR 


FIGURE  31.  REACTOR  HEAD,  SILVER-LINED  ASSEMBLY 
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The  cut  screens  were  preCreated  by  rinsing  with  trichloroethylene, 
then  with  Nacconol  detergent,  and  then  water.  Those  which  were  used  in 
Runs  308  through  612  were  inmersed  in  HNO3  (5  N)  for  one  minute.  Following 
this,  they  were  rinsed  in  deionized  water,  then  acetone.  Finally,  they 
were  dried  by  blowing  with  N2.  The  innersion  in  nitric  acid  was  discon¬ 
tinued  for  the  catalyst  batch  which  was  charged  new  with  Run  903. 

A.  Analytical 

The  equipment  for  determining  the  composition  of  the  five  process 
streams  consisted  of: 

a.  Sampling  valves  and  manifolds  and  collection 
"surge"  tanks. 

b.  Glass  vacuum  line  equipment  for  volumetric 
measurement  of  sample  quantities  and  of  conden¬ 
sable  and  non- condensable  components,  and  for 
transfer  to  infrared  analysis  cells  or  to  special 
hydrolysis  flasks. 

c.  Infrared  spectrometer. 

d.  Hydrolysis  flasks  with  connectable  gas  measuring 
equipment  and  with  conventional  acid-base  titration 
equipment . 

Details  of  the  analytical  equipment  are  given  in  Appendix  F. 

B.  Discussion 

As  might  be  expected,  a  numl>er  of  runs  was  necessary  before  it  was 
possible  to  carry  out  experiments  on  reasonably  routine  basis.  The 
results  from  these  17  preliminary  runs  are  presented  in  Table  38. 

The  following  specific  improvements  in  equipment  and  in  procedures 
resulted; 

1.  Improved  method  for  elimination  of  residual  water  and 
air  from  all  parts  of  the  piping  system  prior  to  the 
introduction  of  BCI3. 

2.  Installed  pipeline  filters  before  liquid  BCI3. 

3.  Changed  design  of  gas  disposal  scrubbers. 

4.  Eliminated  1/8  inch  O.D.  tube  size  from  use  in  preheater 
tube  coils. 

5.  Lower  permissible  temperature  to  be  reached  by  BCI3 
before  it  was  mixed  with  H2. 
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TABLE  38 

PRELIMINARY  RUNS:  HYDROGENATION  OF  BCI,  IN  VOID  REACTOR 


RUN 

Na 

NOMINAL 

REACTOR  TEMPERATURE 

MOLE  RATIO 
(HjtBO,) 

■ai 

BO. 

INLCT 

REACTOR 

OUTLET 

REMARKS 

100 

Plug^up  1/8"  O.D.  BQa  prebeater  tube.  Furnace 
may  baye  been  2000°F. 

101 

0.12 

11 

- 

1200 

No  BQa  yaporizer.  Flows  were  irregular. 

102 

0.12 

16 

750 

150 

1000 

BQs  yaporizer  installed. 

103 

0.12 

16 

750 

200 

1100 

Poor  temperature  control. 

104 

0.12 

11 

900 

- 

1200 

Plug  up  packed  water  scrubber  in  disposal  train. 

105 

0.12 

- 

- 

- 

400 

Plug^up  packed  water  scrubber  in  disposal  train. 

106 

0.12 

10 

■ 

1150 

Ebter  scrubber  bypassed  for  this  and  runs  107  -201 . 
Filter  in  service  before  flow-regulating  valve,  H3. 
Smoother  flow  control. 

107 

0.12 

- 

- 

- 

1000 

Plug-up  1/8"  O.D.  H2  prebeater  tube. 

equipoenta 

880 

1100 

First  product  samples  for  infta-red  spectra  analysis. 

201 

0.12 

11 

900 

1000 

1100 

Product  samples.  Premature  shutdown. 

IfaOH  scrubber  blew  over. 

202 

0.12 

11 

1100 

1250 

- 

FVoduct  samples.  Reinstall  water  scrubber,  this 
dine  with  sprays,  for  this  and  all  succeeding  runs. 

203 

0.12 

10 

930 

1020 

1100 

Type  304  stainless  steel  BQs  inlet  tube  broke  open 
Both  BQsand  H2  inlet  tubes  were  brittle. 

Outlet  tube  was  O.K. 

204 

- 

- 

" 

890 

1300 

Plug-up  1/8"  O.D.  BCb  preheater  tube.  Preheat 
hitnace  1000°F. 

205 

0.12 

11 

800 

850 

1260 

Plug-up  new  1/8"  O.D.  BQs  preheater  tube. 

206 

- 

925 

■ 

1370 

Plug-up  1/8"  O.D.  Hj  preheater  tube. 

207 

0.12 

11 

800 

1300 

Rtvamp  Preheater  Arrangements*  Use  1/4"  O.D.  Type  347  stainless  steel  instead  of  1/8"  O.D  for  BQ,  and 

H2  ptelieatei  coils,  place  prebeater  furnace  adjacent  to  reactor  furnace  to 
elinauate  air-cooling  of  tidiing  between  furnaces. 

U««  Haw  Type  347  Stalnia**  Staal  Raoctor 

208 

0.12 

10 

1350 

1380 

1300 

Btrn  out  new  1/4"  O.D.  BQ3  tube  neat  reactor 
after  20  mintites  of  BQ3  flow. 

fiefore  next  rua,  reduce  travel  of  BCI3  tube  withio  reactor  furnace.  Plan  lower  reaction  temperatures. 

(a)  lb.  moles/hour 

(b)  Thermocouple  readings,  (approximately) 
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Changee  (1),  (2)  and  (3)  virtually  eliminated  shutdowns  due  to  B2O3 
or  H3BO3  plugging,  whereas  changes  (4)  and  (5)  eliminated  shutdowns  due 
to  FeCl2  formation. 

Installation  of  deoxidation  and  drying  equipment  for  the  H2  feed 
waa  also  a  desirable  Improvement.  However,  the  particular  contribution 
to  attainment  of  satisfactory  operating  conditions  cannot  be  Isolated. 

After  the  preliminary  runs,  seven  hydrogenation  runs  were  made  using 
a  reactor  which  contained  no  allver  catalyat,  and  51  hydrogenation  runa 
were  made  ualng  a  silver  catalyzed  reactor.  Pertinent  data  for  these 
runa  are  tabulated  In  Tables  39,  40  and  41. 

1.  Converalon  to  BHCI2 

a.  Effect  of  Feed  H2/BCI3  Ratio 


The  effect  of  Increasing  the  feed  H2/BC1^  ratio  Is  to  Increase 
the  percentage  conversion  of  BCI3  to  BHCI2  as  Is  shown  In  Figure  32  for 
the  temperature  range  1300*F.  £0  1320“F.  (705"716*C).  The  nature  of 
this  effect  Is  predictable  from  equilibrium  considerations,  according  to 
the  expression  for  the  equilibrium  constant: 

^^BHC12)(*‘hC1) 

^  “  ”(PbC13)(Ph2^ 

At  R  molea  H2  per  1  mole  BCI3  In  the  feed,  and  at  conversion 
to  X  moles  BHCI2  per  Initial  mole  BCI3,  thla  expression  becomes: 

_  (XIUL- 

(1-X)(R-X) 

which  Is  Independent  of  total  pressure.  The  values  for  thla  expression 

^X)(X) _ 

(1-X)(R-X) 

calculated  from  the  curve  drawn  through  the  data  on  Figure  32  fall  within 
10  per  cent  of  the  number  0.017.  This  apparent  correlation  suggests  that 
the  reactor  products  whose  compositions  fell  near  the  curve  were  near 
equilibrium  at  the  reactor  outlet  temperature. 

ill _ Effect  of  Temperature 

The  effect  of  Increasing  the  ten^erature  of  reactor  products 
Is  to  Increase  the  percentage  conversion  of  BCI3  to  BHCI2  as  shown  In 
Figure  33  for  feed  H2:BCl3  ratios  of  approximately  15:1.  This  qualita¬ 
tive  effect  had  also  been  observed  In  laboratory  experiments. 


•  187- 


CONFIDENTIAL 


ASD-TDR-62-1025 
Volume  III  of  V 
June  1962 


CONFIDENTIAL 


The  conversions  obtained  at  1420”?.  are  less  Chan  predicted 
by  Che  curve.  Whether  this  represents  a  failure  Co  reach  equilibrium^ 
possibly  due  Co  a  change  in  catalyst  structure  or  whether  equilibrium  at 
1420”F.  occurs  at  lower  conversions  Chan  Che  curve  shows;  can  only  be 
answered  by  a  thermodynamic  calculation  beyond  Che  scope  of  this  work.  The 
question  is  largely  academic  anyway  since  design  and  materials  considera¬ 
tions  limit  Che  temperature  of  a  practical  reactor  to  about  1300”F. 

the  general  effect  of  reducing  Che  inlet  temperature  below 
Che  reactor  discharge  temperature  was  Co  reduce  Che  conversion  Co  BHCI2 
as  shown  by  Figure  33. 

For  purposes  of  characterizing  Che  reaction  temperature  of  a 
run  in  which  Che  H2:BCl3  ratio  was  15:1  or  higher,  Che  average  value  of 
Che  inlet  H2  temperature  and  Che  reactor  discharge  temperature  was  used. 

It _ effect  of  Catalyst  vs.  No  Catalyst 

The  advantage  of  using  silver  catalyst  in  Che  hydrogenation 
reactor  could  not  be  conclusively  demonstrated  by  Che  data  obtained  in  Che 
prepiloC  plant  because  there  were  Coo  few  void  reactor  runs,  and  tempera¬ 
tures  were  not  identical  with  those  which  were  maintained  for  otherwise 
comparable  catalytic  runs. 

The  five  most  consistent  results  of  the  silver  catalyzed  runs, 
plotted  in  Figure  34,  have  an  average  of  about  20  per  cent  conversion  at 
an  average  temperature  of  about  1120*F.  (604”C).  For  comparison,  Che  five 
most  consistent  results  of  Che  non-catalyzed  runs  have  an  average  of  about 
10  pec  cent  conversion  at  an  average  temperature  of  about  1050”F.  (566*C). 

This  difference  in  per  cent  conversion  does  not  show  a  decisive 
advantage  for  Che  use  of  catalyst  at  1050”F.  Co  1120”?.,  inasmuch  as  it 
is  about  Che  same  Chat  would  be  expected  (Figure  33)  in  comparison  of 
catalyzed  conversions  at  1120”F.  and  1050”F. 

The  residence  times  for  Che  void  and  for  Che  catalyzed  runs  are 
within  Che  same  general  limits,  0.19  Co  0.43  second. 

4.  Effect  of  Catalyst  Pretreatment 

Of  Che  nine  runs  which  were  made  with  fresh  batches  of  catalyst, 
only  two  resulted  in  conversions  Co  BHCI2  which  were  as  good  as  Che  con¬ 
versions  obtained  in  runs  made  with  twice-used  catalyst. 
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USING  SILVER  CATALYST 


(Rractor  Designation;  “F"  -  Seo  Table  37) 

(Reactor  Pressure:  85  psig) 

(Reactor  Temperature:  1300°F  -  Both  Inlet  ond  Outlet) 
(H2:BC^  Ratios  Between  0.6  and  4.4) 


RUN 

Na 

METERED 
Hj  RATE 
(lb.  molaAr.) 

PRODUCT  GAS  C0MP0SITI0N(*) 

CALC  BO, 
RATE 

(lb.  molo/hr.) 

METERED 

BCI3 

(lb.  mola/lv.) 

(s«:) 

Bai 

BHCk 
(mole  ^ 

CALC  FEED 
Ratio  HjtBOj 

90J 

0.065 

23.3 

2.8 

2.8 

0.023 

0.0220 

904 

22.7 

4.05 

2.7 

0^4 

0.0220 

905 

0.065 

20.9 

4.6 

2.9 

6.022 

0.0220 

906 

(0.01 

55.2 

6.3 

0.63 

.. 

0.0163 

907 

0.061 

16.9 

4.9 

3.6 

0.017 

0.0163 

908 

0.050 

23.8 

5.25 

2.4 

0.021 

0.0196 

0.16 

1001 

0.022 

17.7 

4.7 

3.4 

0.0065 

0.0062 

0.40 

1002 

0.022 

16.7 

4.7 

3.7 

0.0060 

0.0062 

0.41 

1003 

0.022 

15.6 

4.7 

3.9 

0.0056 

0.0062 

0.41 

1004 

0.022 

14.1 

4.4 

4.4 

0.0050 

0.0062 

0.42 

1005 

0.022 

14.4 

4.48 

4.3 

0.0051 

0.0081 

0.42 

1101 

0.022 

32.5 

5.33 

1.6 

0.014 

0.0081 

0.32 

1102 

0.022 

20.5 

5.26 

2.9 

0.0076 

0.0074 

0.38 

1103 

0.022 

19.9 

5.20 

3.0 

0.0073 

0.0074 

0.39 

1104 

0.022 

21.0 

5.06 

2.8 

0.0079 

0.0074 

0.38 

1201 

(0.023 )<**> 

19.9 

5.10 

3.0 

. 

0.0074 

(0.37) 

1202 

0.022 

16.1 

4.45 

3.9 

0.0056 

0.0074 

0.41 

1203 

0.023  ,  ^ 

32.4 

4.83 

1.7 

0.0135 

0.0074 

0.31 

1204 

(0.016)<') 

48.9 

4.26 

0.9 

0.018 

" 

(0.33) 

1301 

0.(BO 

17.3 

5.03 

3.5 

0.0086 

0.0083 

0.29 

1302 

0.062 

17.4 

5.1 

3.4 

0.018 

0.0171 

0.14 

1303 

0.062 

18.2 

4.24 

3.5 

0.018 

0.0171 

0.14 

1304 

0.062 

2Q.1 

4.98 

3.0 

0.021 

0.0171 

0.14 

1305 

0.062 

18.2 

4.91 

3.3 

0.019 

0.0171 

0.14 

1401 

0.062 

17.7 

5.11 

3.4 

0.018 

0.0171 

0.14 

(a)  Lnfrm'red  analysia 

(b)  See  Table  39  footnote  for  Residence  Time  calculation  method. 

(c)  Defective  H2  flowmeter.  H2  fAte  calculated  from  metered  BCI3  rate  and 
analyzed  H2:DCl3  ratio. 

(d)  H2  measurements  were  not  internally  consistent.  Calculated  as  in  (c). 

(e)  H2  tACO  measurements  were  not  internally  consistent.  Calculated  by  subtracting 
H2  which  was  metered  to  absorber  from  H2  which  was  removed  from  supply  cylinder. 
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The  fact  Chat  conversions  improved  until  the  second  or  third 
reuse  of  the  catalyst  In  Runs  408  through  509,  Runs  511  to  513,  and  Runs 
903  through  1401  Indicates  that  silver  has  a  definite  catalytic  effect; 
otherwise  there,  would  be  no  change.  The  fact  that  induction  runs  were 
required  for  development  of  maximum  catalytic  activity  In  these  three 
batches,  but  apparently  not  for  the  batches  used  In  Runs  308  and  310, 
Indicates  that  the  Initial  catalyst  surface  was  different  In  Runs  408, 

511  and  903  from  that  in  Runs  308  and  310.  However,  the  only  known 
change  In  pretreatment  was  the  omission  of  the  nitric  acid  pretreatment 
step  before  Run  903,  but  the  conversion  behavior  following  this  run  was 
not  distinctive  from  the  conversion  behavior  following  Runs  408  and  511. 

li _ 

The  fresh  silver  catalyst  which  was  charged  Into  the  hydro-^ 
genatlon  reactor  for  Bun  903  was  used  without  change  through  Run  1204, 
for  a  net  cumulative  service  of  73.6  hours.  At  this  time  the  first  1-1/4 
Inches  of  the  7-1/4  Inch  bed  was  replaced  so  as  to  serve  as  a  fresh 
filter  to  test  for  corrosion  products  from  upstream.  Later,  after  Run 
1305,  at  a  net  cumulative  service  of  103.9  hours  for  the  main  part  of  the 
bed,  the  first  1/2  inch  was  again  replaced  to  serve  as  a  fresh  filter. 

At  the  conclusion  of  the  last  run.  Run  1401,  the  major  6  Inch  portion  of 
the  catalyst  bed  had  a  net  cumulative  service  of  109.1  hours  and  showed 
no  change  from  Its  Initial  appearance.  This  fact  Indicates  a  catalyst 
life  at  the  temperature  of  these  runs  (1300*F.  or  704*C)  far  In  excess 
of  this  net  4-1/2  day  period. 

The  black  coating  which  was  found  on  the  Initial  screens  at 
73.6  cumulative  hours  and  at  103.9  hours  waa  easily  traceable  to  corrosion 
of  exposed  stainless  steel  surfaces  and  was  not  due  to  any  direct  attack 
of  the  silver  catalyst  by  the  reacting  gas  mixture. 

6.  Loss  in  Yield  of  Boron  Chlorides 

No  direct  measurement  was  made  of  the  total  rate  of  flow  of 
reactor  products.  Hence  no  direct  calculation  of  the  loss  In  yield  of 
boron  chlorides  was  possible. 

However,  many  Indirect  calculations  were  made  In  studying  the 
reliability  of  the  calculated  material  balances.  In  these  calculations 
no  systematic  deviation  was  detected  which  could  be  ascribed  to  loss  In 
yield  of  boron  chlorides.  Inasmuch  as  no  accretion  of  by-products  was 
found  In  the  reactor  or  In  the  equipment  or  the  filter  after  the  reactor 
after  the  109  hours.  It  must  be  assumed  that  any  loss  In  yield  of  boron 
chlorides  In  the  hydrogenation  step  is  very  low.  During  this  109  hour 
cumulative  period,  the  total  weight  of  boron  trichloride  charged  to  the 
reactor  was  approximately  170  pounds. 
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U _ Effects  of  Operating  Pressure 

The  only  data  on  the  effect  of  operating  preasure  are  those 
shown  In  Figure  34  for  Runs  304  to  306.  Reducing  the  pressure  from  100 
psl  gauge  to  50  psl  gauge  In  a  void  hydrogenation  reactor  had  no  dlscern- 
able  effect  on  the  BHCI2  conversion. 

_ Effect  of  Residence  Time 

The  maximum  variation  In  residence  time  among  these  hydrogena¬ 
tion  runs,  namely  from  0.13  to  0.74  second,  was  not  enough  to  produce  a 
measurable  effect  upon  the  conversion  to  BHCI2. 

This  Is  shown  In  Figure  32  for  runs  at  1300*F.  to  1320*F.  (704- 
716*C).  The  three  ratios,  0.18,  0.24  and  0.39  aecond,  for  the  nine  runs 
at  H2/BCI2  ratio  near  15:1  are  shown  by  differently  oriented  triangles. 

The  two  principal  rates,  0.13  to  0.16  second  and  0.29  to  0.42  second,  for 
the  runs  at  H2/BCI3  ratio  near  3:1  are  shown  by  crosses  and  circles.  The 
correlation  curve  which  Is  drawn  represents  one  group  of  points  as  well  as 
It  represents  the  other  group. 

1, _ Prvp-AiuStiver  PatalYfft  M 

The  pressure  drop  of  the  reaction  gases  passing  through  the 
silver  screen  catalyst  bed  was  measured  with  a  special  differential  pres¬ 
sure  gauge  starting  with  Run  1001.  No  pressure  drop  was  detectable  In 
Runs  1001-1005  which  were  typical  of  operation  at  total  gas  throughput  of 
0.028  lb.  moles  per  hour. 

The  value  of  2  psl  obtained  In  Runs  1304-1401  Is  the  upper  limit 
which  may  be  ascribed  to  pressure  drop  In  the  catalyst  screen  when  the 
total  gas  throughput  was  0.075  lb.  moles  per  hour.  Inasmuch  as  It  nay  alao 
have  been  due  to  other  minor  obstructlona  In  the  flow  system. 


10.  Quenching  of  Reactor  Products 

The  residence  time  of  the  reactor  product  gases  In  the  water 
cooled  quenching  tube  was  always  too  short  to  provide  a  test  of  the  reaction 
rate  Information  obtained  previously  In  the  laboratory  for  the  back  reaction: 

BHCI2  +  HCl  - »BCl3  +  H2 

The  maximum  residence  time  of  the  reactor  product  gas  within  this 
tube  was  calculated  to  have  been  approximately  0.3  second  during  Runs  1004 
and  1005.  Even  If  this  gas  had  been  at  an  average  effective  temperature 
of  400*C  during  this  time,  the  reaction  rate  constant,  k.  In  the  equation: 


*^^BHCl2 

^BHCl^ 


k  Phci  de 
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would  have  been  only  7  x  10~^  (on. -min. according  to  the  laboratory  data. 
For  thla  constant,  the  fractional  loss  In  BHCI2  content  was  calculated  to  be 
0.008  (or  0.81)  at  4.48  mole  fraction  HCl,  100  psl  absolute  total  pressure, 
and  0.3  second.  This  represents  too  small  a  loss  to  be  detected. 

The  two  catalyzed  conversion  runs.  Runs  308  and  310,  at  1090*F. 
were  made  before  the  water  cooled  quencher  was  Installed  and  were  therefore 
cooled  a  little  more  slowly.  However,  the  results  do  not  show  a  possible 
loss  of  conversion  due  to  slow  cooling,  by  reference  to  either  Figure  33  or 
Figure  34. 

£• _ Chemical  Attack  on  Koulpment 

Several  metals  were  evaluated  for  reactor  construction  and  chemical 
attack  of  the  hydrogenation  equipment  was  observed  in  many  forms.  The 
results  of  this  testing  program,  as  reported  in  the  following  paragraphs, 
led  to  the  selection  of  silver  lined  equipment  for  all  service  in  contact 
with  heated  BCI3  vapor.  Further,  the  uncertain  behavior  of  silver  during 
Runs  601  and  602  when  In  contact  with  only  N2  at  800*F.  (427*C)  and  500*F. 
(260*C)  led  to  the  plan  to  Introduce  H2  Into  the  pilot  plant  BCI3  vapor 
stream  at  a  low  temperature.  Thermodynamic  calculations  have  shown  that 
AgCl  cannot  exist  In  equilibrium  contact  with  a  reaction  mixture  containing 
H2  when  the  total  pressure  Is  as  low  as  12  to  13  atmospheres. 

1.  Corrosion  of  Carbon  Steel  Reactor 

Preliminary  Runs  100  through  207,  described  In  Table  38,  were 
made  In  the  carbon  steel  reactor.  Bach  time  the  reactor  was  Inspected,  a 
brownish  scale  containing  much  ferrous  chloride  was  found. 

2.  Plugging  and  Burnout  of  BCI3  Preheater  Tube  (SS) 

During  many  of  these  runs  the  stainless  steel  1/8  Inch  O.D.  tube 
which  served  as  BCI3  preheater  became  plugged  up.  Qualitative  analysis  of 
the  msterlal  which  constituted  the  plug  In  Run  100  showed  that  It  con¬ 
tained  large  amounts  of  ferrous  chloride  and  some  form  of  boron. 

Run  208,  the  last  of  the  preliminary  series,  was  made  In  the  type 
347  stainless  steel  reactor.  This  run  was  terminated  by  the  burnout  of  a 
portion  of  the  new  1/4  Inch  O.D.  type  347  stainless  steel  tube  through 
which  preheated  BCI3  had  flowed  for  about  20  minutes.  The  temperature  of 
this  point  was  about  1450*F.  Two  grams  of  a  black,  sooty  deposit  were 
recovered  from  the  reactor  after  this  run;  however,  the  reactor  walls  were 
relatively  unattacked.  At  the  tlsm  of  chemical  analysis  the  black  deposit 
had  the  following  costposltion: 
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Boric  acid  oxide  17.0% 
HCl  9.0% 
Iron  chloride  (chiefly  ferrous)  25.0% 
Water  Insoluble  boron  0.7% 
Water  Insoluble  Iron  (magnetic)  31.0% 
Other  water  Insoluble  material  17.0% 
(Cn,  Nl,  Pb  (?),  etc.)  _ 


99.7% 


li _ Corrosion  Products  from  SS  Preheater  Tube 


Although  no  further  plugging  nor  bumlng'out  occurred  In  the 
stainless  steel,  1/4  Inch  BCl^  preheater  tube,  products  of  chemical  attack 
of  stainless  steel  were  observed  both  during  non-catalyzed  Runs  301  through 
307  and  during  the  catalyzed  runs  which  followed. 


For  Runs  301  through  310,  the  greater  portion  of  the  preheater 
tube  was  maintained  at  the  BCI3,  preheat  furnace  temperature  of  600*F. 
(316*C).  The  remaining  portion  of  this  tube  which  led  through  10  Inches 
of  the  main  furnace  to  the  reactor  head  was  hotter  because  the  temperature 
of  the  main  furnace  was  approximately  1100*F.  (593*C). 


Products  of  chemical  attack  were  observed  In  the  piping  system 
after  each  of  these  non-catalyzed  runs.  Runs  301  through  307.  Bach  time 
a  coating  of  brownish-red  material  was  found  In  the  lower  ten^>erature 
portions.  The  amount  of  this  material  was  sufficient  to  cause  plugging 
of  the  stainless  steel  cooling  coll  In  Run  302.  Subsequent  chemical  analysis 
of  material  removed  from  this  cooling  coll  was: 


Boric  acid  oxide  45.0% 
HCl  11.0% 
Iron  chloride  (half  ferrous- 

half  ferric)  41.0% 
Water  Insoluble  boron  2.2% 
Other  water  Insoluble  material  1.0% 


100.2% 


When  silver  screen  catalyst  was  used  In  the  stainless  steel  reactor 
during  Runs  308,  309  and  310,  these  corrosion  products  showed  up  as  a  black 
deposit  on  the  first  catalyst  screens  and  on  the  reactor  walls  In  the  space 
before  the  screens.  This  deposit  could  easily  be  scraped  from  the  screens 
and  was  magnetic. 

No  brownish-red  material  was  found  In  the  lower  temperature  por¬ 
tions  of  the  piping  systems  after  any  catalytic  hydrogenation  run. 
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4.  Use  of  BCl-t  from  Different  Sources 

Information  regarding  the  various  sources  of  BCI3  used  Is  con* 
talned  In  Table  42.  Changing  to  a  more  nearly  pure  grade  of  BCl^,  as  was 
done  for  Runs  309  and  310«  did  not  change  the  nature  nor  the  amount  of 
the  deposits  on  the  Initial  catalyst  screens.  Whereas  BCI3  from  the 
K«theson  Company  had  been  used  for  runs  through  Run  308,  BCl^  from  American 
Potash  &  Chemical  Corporation  was  used  for  Runs  309  snd  310. 

However,  direct  attack  of  the  silver  screens  was  observed  when 
the  BCI3  was  drawn  from  a  new  cylinder  of  Matheson  Company  BCI3  and  when 
other  equipment  and  process  changes  were  Introduced  for  Runs  401  through 
404.  This  attack  formed  a  non~magnetlc  crust  on  the  Initial  screens  and 
the  unattacked  silver  wire  core  was  smaller  than  the  original  silver  wire 
had  been. 


5.  Premixing  of  H2  with  BCI3 

Premixing  the  BCI3  with  H2  In  Run  402  so  that  H2  was  present 
during  all  parts  of  the  preheat  process  did  not  eliminate  the  corrosion  In 
the  stainless  steel  system.  Deposition  of  corrosion  products  was  again 
>  found  on  the  first  sliver  screens,  as  noted  In  Table  43. 

6.  Corrosion  of  Staloleas  Steel  Reactor 

The  stainless  steel  type  347  reaction  chamber  which  had  served 
during  Runs  208  through  310  was  not  used  after  Run  402.  Although  the 
obvious  corrosion  products  had  been  traceable  In  each  Instance  to  the  pre* 
heat  piping  and  possibly  to  the  reactor  head,  close  examination  of  the 
chairi>er  wall  showed  that  Its  surface  had  also  undergone  some  chemical 
action. 


7.  Corrosion  of  Nickel  Reactor 

Changing  to  type  A  nickel  brought  Increased  corrosion  which  bad 
a  different  appearance.  This  occurred  In  both  Runs  401  and  403.  In  Run 
401  nickel  was  substituted  for  stainless  steel  as  the  reactor  and  as  the 
lead-in  pipe  for  BCI3  vapor.  The  BCI3  was  vaporized  as  In  Runs  301  through 
310  In  the  stainless  steel  preheater  at  600”F.  (316”C).  In  Run  403,  H2 
was  premixed  with  BCI3,  snd  the  mixed  gases  were  led  through  all  nickel 
piping  to  the  nickel  reactor. 

8.  Behavior  of  Silver  Plated  Hydrogenation  Koulpment 

The  behavior  of  silver  plated  hydrogenation  equipment  Is  summarized 
for  Runs  405  through  513  In  Table  43.  Changing  to  silver  plated  equipment 
In  Run  405  gave  the  first  corrosion- free  operation  of  the  hydrogenation 
equipment.  Although  In  subsequent  hydrogenation  runs  corrosion  products 
were  found  on  the  Initial  screens,  these  could  In  esch  Instsnce  be  traced 
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to  flaws  In  the  silver  covering  or^  as  In  Run  407^  to  a  flaw  In  the  covering 
of  the  heated  stainless  steel  tubing  In  contact  with  BCI3  at  the  mixing  tee. 

Use  of  0.003  Inch  plating  rather  than  0.001  Inch  plating  on  nickel 
permitted  more  runs  to  be  made  In  the  equipment  before  equivalent  attack 
occurred.  However,  this  was  only  partly  successful  In  eliminating  the 
flaws  which  developed  during  operation  and  maintenance. 

Changing  to  stainless  steel  as  a  base  for  the  silver  plating  per¬ 
mitted  high  temperature  runs  to  be  made  with  safety.  This  was  done  In 
Runs  511  to  513  and  602.  However,  In  these  runs  the  adherence  of  the 
plating  to  stainless  steel  proved  to  be  poorer  than  had  been  observed  for 
nickel. 


9.  Behavior  of  Silver  Lined  Hydrogenation  Boulpment 

Use  of  silver  as  a  liner  for  the  reaction  system  as  sketched  In 
Figure  30  gave  essentially  trouble-free  operation  during  the  concluding  25 
runs  of  the  prepllot  plant  program.  These  runs  provided  a  cumulative  ser¬ 
vice  of  109  hours.  Inspections  of  the  silver  screens  at  74  and  at  104 
hours  revealed  black  coatings,  extending  one  Inch  and  one-half  Inch, 
respectively.  These  may  be  readily  ascribed  to  flaws  which  developed  In 
the  liners  due  either  to  local  overheating  or  to  flaws  which  developed 
during  disassemblies.  These  disassemblies  were  necessary  for  the  repair 
of  leaks  which  developed  In  thermocouple  attachments,  threaded  Joints, 
and  tubing  connections. 

10.  Corrosion  of  Stainless  Steel.  Nickel  and 
Monel  Samples  During  Conversion  Run 

The  chemical  attack  of  stainless  steel,  nickel  and  monel  by  the 
conversion  gas  mixture  and  the  simultaneous  resistance  of  silver  to  such 
attack  Is  shown  by  the  results  of  Run  510.  These  are  given  In  Table  44. 
Attack  of  the  stainless  steel  screens  generated  volatile  corrosion  pro¬ 
ducts,  some  of  which  were  deposited  on  the  succeeding  section  of  silver 
screens.  On  the  other  hand,  both  the  nickel  and  the  monel  screen  sections 
accumulated  non-volatlle  corrosion  products. 

11.  Action  of  BCI3  on  Silver  In  the  Absence  of  H2 

The  action  of  BCI3  on  silver  In  the  absence  of  H2  was  studied 
In  three  exploratory  runs.  Runs  404,  601  and  602.  Some  of  the  results 
are  described  In  Table  45. 

Severe  attack  of  the  silver  occurred  In  Run  404  when  Macheson 
C- mj-anv  BCl^  employed  The  BCl?  va  mixed  wi“k  N2  at  room  temperature 
aod  the  mixture  -as  pas.aod  trto  t*"—  r.  tkel  reactor  at  540“F.  to 

ilaO'F,  (.8:-6i0*C). 


-206- 


CONFIDENTIAL 


CONFIDENTI 

A  L 

ASD-TDR-62-1025 
Volume  III  of  V 

June  1962 

TABLE  42 

SUMMARY  OF  ANALYTICAL  DATA  ON 

BORON 

TRICHLORIDE 

ANALYTICAL  RESULTS 

(mole  %) 

CYLINDER 

DESIGNATIOI 

^  RUNS 

BCI3 

COClj 

SUBSTANCE 

OF  MASS 
TO  CHARGE 
RATIO  , 
132  +  134( 

A 

«) 

HCl^*) 

Mathesoa 

Company 

AT-6301 

before  304 

Mass 

Spectrometer 

98  6 

Hi 

0.2 

- 

19 

i  9 

AV-2475 

not  used 

»9 

99  3 

- 

- 

12 

>} 

AV-2476 

304  -  308 

♦5 

99.4 

trace 

- 

11 

1 1 

AV-6469 

401  -  404 

»» 

99.4 

0.52 

- 

- 

5 

\mericaa 

H-58L- 

2-lb 

>» 

78<‘') 

0  27<'') 

6(c) 

PoGish 

1115- 

119E 

container 
similar  to 
those  used 
in  309-310 
and 

406-503 

99.8 

0.2 

trace 

» 

5976 

»» 

by  APCC 

99.3 

0.07 

-  ■' 

- 

- 

»? 

906 

100  lb 
container 
similar  to 
chose  used 
in  504  and 
following 

by  APCC 

99.97 

0.033 

(a)  Per  analytical  report'  **Ao  impurity  with  mass  to  charge  ratio  (m/e)  of  132  and  134 

Vith  indications  of  3  chlorine  atoms  to  the  molecule.  A  good  guess  would  he  trichloroethaoe  ** 

(h)  Per  analytical  report:  **Reported  on  HCl  free  basis.  This  gas  was  reported  separately,  and 
not  too  much  reliability  can  be  placed  on  the  concentrations  found  as  its  origin  is  doubtful. 

The  mass  spectrometer  and  all  hardware  up  to  the  gas  cylinder  Talve  were  evacuated  for  M  to  ^ 
hour  in  the  10'^ mm  Hg  range.  Several  **slugs**  of  BCI3  were  passed  through  the  apparatus  to 
clean  np  the  water  and  to  condition  the  mass  sp«.ctrocDeter,  This  treatment  is  usually  sufficient 
in  high  purity  analysis  where  water  is  in  the  6  ~  10  ppm  range 

(c)  The  analytical  results  which  were  marked  thus  were  made  on  a  sample  drawn  from  the  vapor 
portion  of  the  container. 
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TABLE  43 

APPEARANCE  OF  EQUIPMENT  AND  CATALYST  AFTER  CONVERSION  RUNS 


Runs 

in 

Ssf'ins 

RmcIw 

603^ 

Soures 

PrsbaoHng 

Bslora 

Mxlnp 

Rsocisr  AppraxuCon 
OuHst  to  BHa2 

r  Dai.nPn  /«v 

POST-RUN  CONDITION  OF  EQUIPMENT  AND  CATALYST  | 

CATALYST  | 

mmm 

W 

Type^T) 

Miifa.  «6M1 

IS£S“» 

Bq.to600<¥ 

liiii 

6tD  13 

No  catalyst 
used. 

306 

Suae 

Sssae 

1100®F 

13 

Blsck  ponder  4^posit  is  inlM  of 
rescrar.  Very  utue  sttsck  of 
resetor  wslls. 

Black 

ponder 

deposit 

^io  deposit 
in  leiminder 
bed 

Ssme 

Sssae 

1100®F 

16 

Ssme  Ssme 

Same 

Same 

402 

S-S-iype 

347 

No  prebest, 
lurold 

1100®F 

Dsck  coat. 
''Hatd^Sooc 
sooev;  screen 
bfltcle 

; 

401 

H31H 

mm 

1150®F 

7-18 

At  1'*:  ycllon  deposit 

Outlet  tube,  bsv  Donder 

Sooty  depDsi 

ESSff* 

,  Bronzed 

4£B 

<'C* 
Nickel. 
Type  A 

No  pcebest, 
mix  cold 

1180 

6-8 

Daik  coat.. 

?gS?!c.. 

than  in  402. 

Bronzed, 

is**?” 

**D** 

AopUced 

Tcons 

Isc  2-lb. 

No  prehest, 
mix  cold 

1080 

2 

Spotless 

Spodess^ 

sniny 

Spodess 

sniny 

407 

**D*’ 

Asplsced 

N&el{cs. 

Imil) 

~ 

Prehest 

Ha  oi^* 

BCL  islet 

is 

1280 

18-25 

Dsde  cou  Some  of  wsU  is 

in  S.S.  pipe  st  losing  silver 

iwiwing  tee  piste 

Sli^  coat, 
(fare,  soodike 

Hi^polisb 
ncept 
sliibthranje 
on  exhaust 
screen. 

1st 

Tram 

2n<12-lb. 

Piebeac 

1200- 

1230 

12-34 

elesn 

^D^y 

discolored 

clean 

"D” 

4<pbiced 

!4ll^el(c« 

3aU«) 

Traan 

2ad2-lb. 

Preheat 
bk  only 

Baai^ 
i«  Aiplaied 

1120 

16-19 

clean 

m 

'D” 

AspUwd 

>uaa(cs. 

)  nils) 

Trans 

lOO-lb. 

Pkebest 

ferijle.' 

is  Agplswd 

1320 

31-46 

Some  A»lscc  1st  1/16” 

is  off  fuM  of  As  piste  hsd 

cube  before  dupped  off. 

nixing  tee  1st  1)4”  bad 

dsik  gisy  cost 

sligbt  daiken-' 
Im.  Rubbed 
on  by  band 

510 

'D” 

Replaced 

^el 

Ut 

2-lb 

Prebest 

Ha  only 

BQs  inlet 
is  Afi^iied 

1320 

(50-56) 

Conisined  so  sssonment  of 
Dsterisls. 

laUi 

sootv 

black  coadog 

Ag  screens 

h^hl^ 

pblisii 

511- 

513 

'E” 

\g^ced 

Ist 

2>lb 

Preheat 

Hionly. 

Ma  iUet 
ia  Agplaced 

1420 

36-45 

DCb  tube  bsd  Inlet  Pssmse: 
daii  by,n»-  borne  AiplM 

copit  deposit  had  come  off. 

ID  line  to  reactor  1st 

dark  deposit- 
Distribucor: 

(1st  use)  hsd 
dark,  noo-nsg- 
oedc  ponder 
Exhaust: 
screen  hsd  mag 
oedc  scale 
opposite  beadof 
reactor  nhiebbad 
no  plate 

In  20: 

slight  deposit 
black,  non  - 
magn^c 
ponder 

Vere  slight 
yellow  cast 
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TABLE  44 

Results  of  Run  510 

Exposure  of  various  materials  to  H2~BCl2  reaction  (1.9  hrs.  at  1325”F., 
15:1  mole  ratio  H2:BCl2). 

Note  that  each  odd  Inch  of  length  In  the  5/8  Inch  diameter  silver  plated 
nickel  reactor  was  filled  by  40  silver  screens.  Each  of  the  Intervening 
Inches  was  filled  as  listed  below. 


Number 

of 

Inch 

Material 

Change 

In 

Weight 

(Kms.) 

Description  of  Appearance 
Followlne  Run 

Lst 

AO  silver 

screens 

12.2 

+  0.02 

First  12  screens:  sooty  black 
coating.  Remainder:  highly 
Dollshed. 

2nd 

4  pieces. 

Type  347  SS 
tube 

12.2 

+  0.09 

On  tubes:  loose  gray  magnetic 
scale. 

3rd 

AO  silver 

screens 

12.2 

-0.08 

First  screens:  gray  magnetic 
deposits.  Remainder:  shlnv. 

4th 

36  Type  316 
SS  screens 

12.1 

-0.56 

First  screens:  slight  trace  of 
silver.  On  all:  gray  cast,  mag¬ 
netic  when  rubbed  off. 

5th 

AO  silver 

screens 

12.2 

0.08 

First  screens:  gray  powder  coat, 
not  easy  to  rub  off.  Remainder: 
shlnv. 

6th 

36  nickel 

screens 

13.9 

+  1.22 

All  screens,  extremely  brittle. 
Not  strong  enough  to  be  removed 
whole. 

7th 

AO  silver 

screens 

12.2 

-0.01 

All  shiny. 

8th 

30  monel 

screens 

13.9 

0.49 

(a) 

First  three;  gray-white  coat.^  ' 
All:  slightly  darker,  somewhat 
brittle,  removable  Intact. 

9th 

AO  silver 

screens 

12.2 

+  0.01 

All  shiny. 

113.1 

+  1.26 

(a)  The  gray°whlte  coat  on  the  monel  screens  was  Insoluble  both  In  10%  HNO3 
and  NH^OH.  Hence  presumably  It  Is  neither  Ag  nor  AgCl. 
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No  other  experiments  were  made  in  which  Matheson  Company  BCI3  was 
in  contact  with  silver  in  the  absence  of  H2- 

Little,  if  any,  attack  was  observed  in  Runs  601  and  602  when 
American  Potash  &  Chemical  Corporation  BCI3  was  employed.  The  BCI3  was  mixed 
with  preheated  N2  and  the  N2~BCl3  mixture  was  passed  into  the  silver  lined 
reaction  equipment  at  800*F.  (427*C}  and  at  500*F.  (260*C) ,  respectively. 

In  addition  to  these  observations,  examination  of  the  BCI3  inlet 
to  the  silver  lined  mixing  tee  from  Runs  903  through  1401  showed  that  it 
had  undergone  little  if  any  attack.  The  silver  lined  tubing  at  this  point 
reached  some  indefinite  temperature  which  was  much  higher  than  room  tem¬ 
perature,  and  it  contained  BCI3  now  mixed  with  H2. 

Uncertainty  still  remains  concerning  the  permissible  limits  of 
Impurities  in  the  commercial  BCI3.  The  chemical  attack  of  the  initial  Ag 
screens  in  Runs  401,  402  and  403  which  occurred  in  the  presence  of  H2  was 
readily  distinguishable  from  the  deposits  of  stainless  steel  corrosion 
which  occurred  in  other  runs.  Boron  trichloride  from  the  particular  con¬ 
tainer  of  Matheson  Company  BCI3  used  only  for  Runs  401  through  404  showed 
no  obvious  analytical  differences  from  BCI3  drawn  from  the  supply  containers 
for  previous  runs. 

Loss  in  yield  of  boron  chlorides  and  loss  of  HCl  was  anticipated 
when  stainless  steel,  nickel  and  monel  were  used  as  substitutes  for  silver 
plated  or  silver  lined  equipment.  The  only  quantitative  indication  of  this 
occurrence  was  in  Run  510,  when  stainless  steel,  nickel  and  monel  were  all 
inserted  in  place  of  some  silver  screens  in  the  hydrogenation  reactor.  The 
apparent  decrease  in  total  boron  content  of  reactor  products  and  the 
apparent  loss  of  an  appreciable  amount  of  HCl  are  consistent  with  the  anti¬ 
cipated  results.  Calculated  BCI3  rate  was  lower  relative  to  metered  BCI3 
rate  for  Run  510  than  for  the  other  runs  in  the  series.  Runs  401  through 
513.  The  loss  of  HCl  is  deduced  from  the  fact  that  the  per  cent  conversion 
to  BHCI2,  53  per  cent,  was  higher  than  for  any  of  the  all  silver  runs.  Loss 
of  the  HCl  by  reaction  with  the  metal  would  shift  the  equilibrium  to  higher 
conve rsion. 


II.  Integrated  Process 
A.  Equipment 

The  general  arrangement  of  the  prepilot  plant  equipment  is  shown  as  a 
simple  flow  diagram  in  Figure  35. 

Hydrogen,  purified  as  before,  was  passed  through  a  preheater  and  silver 
lined  reactor,  which  were  arranged  as  shown  in  Figure  35.  It  could  then  react 
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with  BCl^j  with  which  it  was  mixed  in  a  tee  located  at  the  entrance  of  the  * 

furnace  section. 

The  reactor  products,  H2,  BCl^,  dichloroborane  (DCB)  and  HCl  then 
entered  the  primary  absorber  at  about  the  midpoint.  A  separate  stream  of 
liquid  BCI3  absorbent  was  fed  to  the  top  of  the  primary  absorber  in  order 
to  remove  DCB  from  the  gas,  leaving  as  absorber  overhead  the  gases  H2, 

BCI3  and  HCl. 

The  liquid  mixture  of  BCl^  and  DCB  which  dripped  to  the  lower  section 
of  the  primary  absorber  was  met  with  an  ascending  gas  stream  of  stripping 
H2  which  was  intended  to  be  free  of  HCl  and  to  contain  only  BCI3  and  DCB, 
plus  a  small  amount  of  dissolved  H2. 

The  liquid  absorber  bottoms  entered  the  DCB  fractionator  and  dispro- 
portionator  at  about  its  midpoint.  Fractionation  of  the  DCS  from  the  5CI3 
was  supplied  by  counterflow  of  gaseous  BCI3  vaporized  by  an  electrical 
heater  in  the  bottom  of  the  unit  versus  liquid  BCl^  condensed  on  the 
cooling  coil  in  the  top  of  the  unit.  Dichloroborane  then  was  condensed 
in  the  top  of  the  unit  and  disproportionated  into  B2H5  and  BCI3.  The  B2Hg 
gas  then  was  allowed  to  go  out  the  top  together  with  the  H2  which  had 
entered  in  the  absorber  bottoms.  The  BCI3  liquid,  stripped  of  DCB  and  H2, 
left  the  bottom  of  the  unit  and  was  collected  in  a  BClo  receiver.  Between 
runs  it  could  be  recycled  to  the  BCI3  supply  cylinder  for  reuse  in  the 
succeeding  run.  ^ 

Details  of  the  prepilot  plant  flow  system  and  sampling  equipment  are 
given  in  Appendix  G. 

_ Discussion 

1.  Operation  and  Data 

The  separation  steps  of  the  prepilot  plant  were  operated  during 
25  separate  runs,  beginning  with  Run  903. 

The  measurements  and  calculations  of  the  basic  H2  and  BCI3  flow 
rates  are  presented  in  Table  46.  The  basic  flow  rate  calculations  are 
keyed  to  conform  to  the  chemically  determined  ratio  of  H2  to  BCl^  in  the 
reactor  feed  in  order  to  make  each  run  calculation  internally  consistent. 

The  complete  results  of  chemical  and  infrared  analyses  are 
tabulated  in  Appendix  H.  The  H2  and  BCI3  flow  rates  and  chemical  composi¬ 
tions  tor  the  calculation  of  material  balances  are  summarized  in  Table  47. 

In  addition  to  flow  rates  which  were  selected  from  Table  46,  this  table 
also  lists  the  measured  flow  rates  of  total  overhead  gas  from  the  dispro- 
portionator.  Table  48  presents  a  summary  of  the  operating  factors  and 
material  balances  for  the  absorber-disproportionator  sections. 

t 

The  steady  state  temperatures  and  pressures  for  these  runs  are 
presented  in  Tables  49-A  and  49-B. 
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TABLE  46 

SUMMARY  OF  AND  BCI3  FLOW  RATES 


4t 


Partntbeses  are  used  to  denote  //oo;  rate  values  which  are  considered  less  reliable  either 

because  of  known  experimental  difficulty  or  because  of  internal  non  consistency  with  other  data  and  results. 


RUN 

NO. 

HYDROGEN  FLOW  RATES^*’ 

RATIO 

BCa  FLOW  RATESl‘1  1 

H2  to 

Rsoctor.. . 
kAbsorbar^^) 

H2  to 
Strlp^c) 

H2to  Raoctor 

H2.BCl3fo 

Reodo/O 

BOato 
Rwiclor,. . 
SiAbcii.W'’’ 

Bda  to 

Ranctor 

BOs  to  Absorbar  | 

mn 

mm 

nm 

nm 

Orifica 

Prassura 

Orop(pai) 

Calc.(‘> 

90} 

- 

172 

282 

.* 

(220) 

231 

85 

904 

753 

172 

650 

(581) 

2.72 

884 

Itf  M 

239 

87 

645 

905 

756 

172 

(584) 

2. 94 

956 

221 

162 

735 

906 

247 

172 

(k) 

(  75) 

0  62 

861 

163 

(121) 

106 

698 

907 

995 

610 

(823) 

3  60 

938 

(163) 

169 

105 

769 

908 

569 

,,, 

(172><‘' 

500 

(397) 

2.43 

903 

(196) 

206 

105 

697 

1001 

(172) 

221 

3.48 

(  62) 

64 

108 

1002 

223 

(172) 

221 

(  51) 

368 

759 

(  62) 

60 

106 

699 

1003 

235 

(172) 

221 

(  63) 

3.94 

765 

(  62) 

56 

105 

709 

1004 

(172) 

221 

4.41 

769 

(  62) 

50 

106 

719 

1005 

- 

(172) 

215 

4.30 

829 

(  81) 

50 

106 

779 

1101 

356 

215 

1.67 

431 

(  81) 

129 

106 

302 

1102 

572 

356 

219 

(216) 

2.88 

440 

(  74) 

76 

105 

364 

1103 

585 

356 

219 

(229) 

2.98 

769 

(  74) 

74 

108 

695 

1104 

211 

(n) 

219 

(211) 

2.69 

753 

(  74) 

81 

108 

672 

1201A 

394 

(356)<°> 

(157^"> 

(  y&f°\ 

3.32 

801 

(  74)(°> 

(  47)<'>> 

108 

(o) 

1201 B 

305 

(356)<°> 

(157/"> 

(-51)<°' 

2.77 

801 

(  74)<°> 

(  50)<°' 

108 

(o) 

1202 

551 

356,  , 

(218),  , 

195,  , 

3.87 

619 

(  74),  , 

50,  . 

108 

569 

1203 

229 

(356)<P) 

(236)<P> 

(J27^P) 

1.74 

693 

(  74)(P) 

(132)(P) 

105 

(P) 

1204 

336 

142  <•> 

(254) 

194(q) 

0.88 

846 

(r) 

220 

108 

626 

1301 

470 

172 

(296) 

298 

349 

693 

(  83) 

85 

106 

608 

1302 

801 

172 

<  *  £ 

629 

3.36 

775 

(171) 

187 

106 

588 

1303 

804 

172 

1  « 

632 

3.46 

775 

(171) 

183 

108 

592 

1304A 

575 

0 

575 

2.99 

772 

(171) 

193 

102 

579 

1304B 

727 

172 

555 

2  99 

772 

(171) 

186 

102 

586 

1305 

758 

172 

586 

333 

781 

(171) 

176 

102 

605 

1401 

747 

172 

575 

339 

772 

(171) 

170 

107 

602 

(s)  All  flow  races  are  given  in  units  of  1.0  x  10  lb  moles/hr 

(b)  By  cylinder  inventory. 

(c)  Measured  by  H2  orifice  calibration 

(d)  Measured  by  H2  flowmeter. 

(e)  Calculated  by  cylinder  inventory  less  to  stripper 

(f )  From  data  In  Table  47 

(g)  Measured  by  BCl^  flowmeter. 

(h)  H2  to  reactor  divided  by  H2;BCls  ratio. 

(I)  Calculated  by  cylinder  inventory  less  BCI9  to  reactoi 

(i)  Run  903-  Rate  of  BCl,  to  absorber  was  assumed  to  be  the  same  as  that  for  Run  904., 

645  X  lO""^  lb  moles  per  hour 

(k)  Run  906;  Race  of  H,  to  reactor  was  assumed  to  be  equal  to  (BCI3  to  reactor,  measured)  x 
(H2.BCI3  ratio)  -  163  X  lO"^  x  0  62  w  10”^  lb  moles  per  houi 

(l)  Runs  908  through  1005'  Rate  of  to  stripper  is  believed  to  have  decreased  to  nearly  zero 
due  to  plugung  of  fixed  orifice^  Evidence  includes  compsrisons  adilch  are  shown  in  this  Table 
and  in  the  uct  that  poor  stripping  of  HCl  (see  Table  51)  from  absorber  bottoms  could  not  be 
otherwise  explafnecf. 

(m)  Run  HOT  There  is  no  corroboration  to  be  seen  of  the  stated  H2  rate  to  the  stilpper  Pooi^  HCl 
stripping  indicates  the  iste  was  less  than  Is  shown  above 

(n)  Run  1104.  The  H2  to  stripper  orifice  Is  known  to  have  been  plugged  during  this  ran. 

(o)  Runs  1201— A  and  1201— B.  Only  the  rate  figures  which  were  derived  directly  from  H2  cylinde 

and  BCl.  cylinder  inventory  data  can  be  considered  reliable  In  view  of  internal  Inconsistencies 
in  data  for  this  run,  and  in  view  of  known  shifts  in  flowmerei  caUbtacIons 

(p)  Run  1203'  Only  the  rate  figures  which  were  derived  diiectly  hom  cylinder  and  BCI3  cylindei 
inventoiy  dsts  can  be  considered  relisble  because  of  Internal  inconsistencies  In  this  run. 

(q)  Run  1204:  The  to  stripper  orifice  appears  to  have  been  partially  plugged  during  this  run 

The  race  shown  was  estimated  on  the  basis  of  the  time  which  H2  flow  required  to  pressurize  the 

absoiber  ‘from  40  to  80  psia  at  the  start  of  the  run  Foi  Run  1204,  dils  waa  55  8  seconds,  for 
Run  1301,  46  1  seconds  Hence  (46  1/55  8)  x  172  x  10  ^  142  x  10-  *  lb  moles  pei  houi 

Run  1204  was  the  5rst  lun  for  which  this  measurement  was  made 

(i )  Run  1204.  The  DC1«  to  reacto:  flowmeter  was  found  to  have  been  Improperly  installed  its 
reading  is  not  repoitea 
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STEADY  STATE  TEMHERATURBS  AND  PRESSURES 


RUN  NO. 

903 

904 

905 

906 

907 

908 

1001 

100? 

1003 

1004 

REACTOR  t  ABSORBER 
MEASUREMENTS 

1275^ 

1312 

1292- 

1315 

(a) 

1300- 

1304 

1277- 

1300 

1300- 

13(6 

1298 

1302 
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1300 

1308 

1299- 

1302 

1299- 

1302 

Temperotura  F) 

Raaetor  Inlet  Tamp.  (T^  ) 

Reactor  CMschorge  Temp. 

1300 

1300 

1300 

1300 

1300 

1300 

1300 

1300 

1400 

1300 

Quick  (^eneb  Exit  Temp.  (T^) 

124 

122 

113 

95 

94 
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65 
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89 
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33 
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279 

279 

279 
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29 
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BCI,F««J  (Pj) 

188 

190 

265 

210 

210 

210 

210 
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Quonch  Exhoust  Oos  (P^) 

103 

105 

105 

_ 1 

1415 

101 

105 
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IW 

Absorber  Top  Gas  (Pg) 

1« 
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105 
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105 
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DISPROPORTIONATER 

MEASUREMENTS 

n 

1  . 

Top  Pressure 

95 

93 

93 

93 

93 

94 

- 

91 

91 

91 

Bottoms  Temp.  (T2) 

162 

162 

162 

157 

.  162 

Wk 

B 

159 

IfO 

160 

Indie.  Top  Gas  Temft^^Tg) 

47 

43 

42 

41 

B 

B 

42 

42 

41 

603  RECEIVER 

Pressure  (psiu)  (P^) 

30 

20 

22 

35 

39 

- 

- 

- 

- 

- 

(a)  The  reactor  inlet  temperature  dropped  durin'*  Hun  906  To  counteract  this,  the  heat  input  to  the 

preheat  futi.ac-e  was  progreaetvely  increased,  ruisiny.  the  preiicnt  atrnoj»pliere  to  1^80'^’r.  Aore 
that  this  situation  may  be  expected  at  low  ratio  in  reactor  feed. 

(b)  Tg  was  lowered  to  a  poinr  opposite  absorber  feed  before  Run  1001.  Its  previous  location  was 
covered  when  all  the  top  section  was  covered  with  cooling  coils. 

(  (c)  The  indicated  disproportionater  temperature  was  influenced  by  radiation  from  the  unjacketed  head 

of  the  disproportionater. 
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The  three  principal  process  steps  were  operated  smoothly  from 
the  offset  of  their  Integration  In  Run  903.  No  difficulties  were  encoun¬ 
tered  In  sustaining  uniform  and  reproducible  conversion  to  BHCI2  In  the 
hydrogenator^  separation  of  BHCI2  from  H2  and  HCl  In  the  absorber^  and 
segregation  of  the  BHCI2  and  disproportionation  to  B2Hg  In  the  dlspro- 
portlonator. 

The  problems  In  this  Investigation  all  proved  to  be  problems  In 
evaluation  of  the  performance  of  the  Integrated  process  system.  In  the 
latter  part  of  this  Investigation^  these  were  resolved  as  having  been 
caused  by  nearly  complete  plugging  of  fixed  orifices  of  small  diameter^ 
and  by  condensation  and  resultant  trapping  of  a  major  portion  of  the  product 
B2Hg  In  the  condenser  section  of  the  dlsproportlonator .  Because  the  almost 
complete  plugging  of  the  fixed  orifice  In  the  stripping  H2  line  In  Runs 
908  through  1101  was  not  Immediately  apparent^  other  possible  explanations 
for  the  high  HCl  content  of  the  product  gas  were  at  first  sought.  Similarly^ 
other  explanations  of  the  apparent  loss  In  B2H5  yleld^  Including  possible 
back  reactions^  were  sought  when.  In  fact,  trapping  of  B2H5  In  the 
condenser  was  the  cause. 

Solution  of  these  problems  was  obscured  until  perfection  of  con¬ 
current  auxiliary  flow  measurements  gave  a  positive  confirmation  and 
cross-check  of  the  material  balance  flow  rates.  The  flow  rates  which  were 
thus  made  better  known  were  total  H2,  total  BCl^,  and  relative  rate  of 
filling  of  the  dlsproportlonator.  A  second  overhaul  of  the  H2  and  of  the 
BCl^  flowmeters  Increased  the  reproducibility  of  flow  rates.  Doubling  of 
reactor  feed  rates,  beginning  with  Run  1302,  enabled  the  apparent  loss  In 
yield  of  B2Hg  to  be  more  clearly  defined. 

2.  Performance  of  Absorber 
a.  BHCI2  Absorption 

The  performance  of  the  absorber  In  separating  BHCI2  from  the 
H2  and  HCl  In  the  overhead  gas  can  best  be  measured  by  calculating  the  num¬ 
ber  of  theoretical  equilibrium  plates  which  would  be  required  to  effect  the 
same  operation.  For  the  purpose  of  making  such  calculations  chemical 
engineering  texts  supply  the  formula; 


(fraction  unabsorbed) 


(absorption  factor)  -  1 
(absorption  factor)^  ^-1 


as  applicable  whenever  both  the  operating  and  the  equilibrium  lines  may  be 
assumed  to  be  straight.  The  "absorption  factor",  Is  seen  to  be  a  ratio 

of  the  slope  of  the  operating  line,  ^  to  the  slope  of  the  equilibrium  line, 
K.  The  letter,  N,  Is  the  number  of  theoretical  equilibrium  plates  employed. 
For  simplicity  In  setting  up  Figure  36  from  the  data  of  Table  50,  the 
approximation  was  made  that  the  mole  per  cent  of  BHCI2  In  the  vapor  stream 
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entering  the  absorber  section  was  about  the  same  as  the  mole  per  cent  of 
BHCI2  in  the  absorber  feed,  namely  about  5.0  per  cent.  Hence,  the  formula: 

[kv] 

The  calculated  values  of  K  were  adjusted  for  temperature  by 
reference  to  the  vapor  pressure  of  BCI2  as  shown  by  its  mole  fraction  of 
absorber  overhead  gas. 

In  Figure  36,  13  of  the  14  significant  points  can  be  said  to 
cluster  about  the  line  drawn  for  four  theoretical  equilibrium  plates.  The 
fourteenth  point,  for  Run  1101,  which  Is  In  poorest  agreement.  Is  based  on 
less  certain  data  for  stripping  H2  rate,  as  Is  mentioned  In  Tables  46  and 
47.  The  ten  analyses  In  which  0.00  per  cent  BHCI2  was  reported  are  not 
sufficiently  definitive  to  be  helpful  In  this  evaluation  of  absorber  per¬ 
formance. 


(%  BHCI2)  In  off-gas 


The  calculated  height  equivalent  to  a  theoretical  plate 
(H.E.T.P.),  based  on  21  Inches  of  the  protruded  0.16  x  0.16  Inch  Cannon 
type  packing,  Chen  becomes  about  5  Inches  for  the  system  BCI3-BHCI2. 

This  Is  believed  to  be  a  reasonable  value,  being  from  two  to  three  times 
Che  value  which  Che  suppliers  of  this  packing  report  for  selected  hydro¬ 
carbon  systems.  * 


Jli _ HCl  Stripper 

By  a  mathematical  method  which  Is  anologous  Co  Chat  described 
above  the  absorbing  section  of  the  absorber,  chemical  engineering  texts 
derive  Che  formula: 


(stripping  factor)  -  1 

(fraction  not  stripped)  « - - 

(stripping  factor)  -  1 

for  Che  stripping  section.  In  this  formula,  Che  stripping  factor,  Is 
seen  Co  be  Che  Inverse  of  Che  "absorption  factor",  It  Is  Che  ratio 

of  Che  slope  of  Che  equilibrium  line,  which  Is  assumed  Co  be  straight,  Co 
Che  slope  of  Che  operating  line,  which  Is  likewise  assumed  Co  be  straight. 

Figure  37  was  established  from  Che  data  of  Table  51  with 
Che  assumption  of  a  uniform  value  for  Che  concentration  of  HCl  in  Che 
liquid  stream  entering  Che  stripping  section.  A  proper  value  for  this  would 
be  Che  same  concentration  which  would  occur  If  no  stripping  H2  were 
employed.  Reference  Co  the  calculated  results  for  Runs  1002  through  1005, 
and  Run  1104  In  Table  51  shows  Chat  these  were  In  Che  range  2200  Co  6500 
parts  HCl  per  million  parts  liquid  on  a  mole  basis,  depending  somewhat  on 
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the  temperature  to  which  the  walls  of  the  lower  section  were  heated, 
value  of  6000  was  chosen;  hence  the  formula: 


ppm  HCl  (mole  basis) 


1 


1 


-  1 


The 


The  plot  of  results  in  Figure  37  shows  less  consistent  per¬ 
formance  of  the  packing  with  respect  to  stripping  HCl  in  the  lower  section 
than  Figure  36  shows  with  respect  to  packing  performance  in  absorbing  BHCI2 
in  the  upper  section.  However,  all  of  these  deviations  may  be  explained 
as  being  due  to  one  or  more  of  the  following  causes: 

(1)  Wrong  choice  of  HCl  content  in  liquid  stream  entering 
lower  section.  Thus,  if  the  true  value  were  only  3000  ppm,  the  lines  for 
each  "number  of  theoretical  plates"  would  be  at  one- ha If  the  indicated 
ppm  HCl  for  each  value  of 

L 

(2)  Wrong  data  as  to  flow  rate  of  stripping  H2.  Thus,  if 
in  fact  Run  1101  had  only  0  to  5  per  cent  as  much  stripping  H2  as  is  shown, 
its  stripping  factor,  •^,  would  be  reduced  proportionately,  and  the  high 
HCl  in  the  bottoms  during  Run  1101  would  be  better  explained. 

(3)  Too  low  a  value  for  ppm  HCl  in  bottoms  liquid.  This 
value  was  calculated  for  each  run  from  analytical  data  on  the  sample  of 
off-gas  from  the  disproportions tor.  These  samples  have  been  shown  to  be 
not  representative  to  the  total  B2Hg-formlng  component  which  entered  the 
disproportionator  because  of  condensation  and  trapping  of  a  B2Hg-HCl  mix¬ 
ture  on  the  condenser  surface  within  the  disproportionator.  Choosing  Runs 
1302,  1303  and  1305  as  examples  to  show  how  much  the  calculated  values  of 
ppm  HCl  could  be  altered  by  this  correction.  Table  48  indicates  that  for 
these  three  runs  an  average  of  25  x  10  ^  lb.  moles  of  BHCl2-equivalent 
failed  to  go  out  in  the  disproportionator  overhead  for  each  9  x  10*^  lb. 
moles  which  did.  On  this  basis,  the  true  HCl  output  should  likewise  have 
been  3.8  times  higher  than  shown  and  the  ppm  HCl  in  absorber  bottoms 
should  be  increased  to  126  ppm  for  Run  1302,  to  540  ppm  for  Run  1303,  and 
to  304  ppm  for  Run  1305. 

From  the  sources  of  error  listed  above,  it  is  clear  that  these 
data  can  be  only  roughly  correlated  in  terms  of  number  of  theoretical  plates. 
It  appears  that  most  would  then  fall  in  the  range  2  to  6  theoretical  equili¬ 
brium  plates  if  the  calculated  data  were  more  reliable.  Since  the  total 
height  of  packing  in  the  lower  section  was  15  inches,  a  H.E.T.P.  value  of 
betweer,  2.5  inches  and. 7. 5, incbcs  for  the  stripping  of  HCl  from  BHCI3 
would  be  calculated. 
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_ Hydrogen  Solubility 


The  calculated  values  for  dissolved  H2  In  the  absorber  bottoms^ 
which  are  given  in  Table  52,  may  be  used  to  gauge  the  general  agreement 
between  the  calculated  flow  rates  of  absorber  bottoms  and  the  measured  flow 
rate  time  (X  H2)  in  the  disproportionator  overhead  gas.  For  the  stated 
temperature  range  of  Table  52,  34*F.  to  122*F.,  National  Distillers  and 
Chemical  Corporation  workers  reported  fugacitles  of  H2  over  BCl-j  equal  to 
2150  to  1590  atmospheres,  respectively.  According  to  their  data  the  dis¬ 
solved  H2  at  3A*F.  and  7.05  atmospheres  would  be  3.3  x  10~^  moles  per  mole 
absorber  bottom,  whereas  at  122‘’F.,  the  value  would  be  4.4  x  10*^. 


The  average  value  for  the  eight  data  points  shown  for  Runs 
1301  through  1401B  in  the  temperature  range  33*F.  to  37‘’F.  is  3.15  x  10~^ 
and  the  average  deviation  from  this  is  0.18  x  10~^.  This  seems  to  be  sub¬ 
stantiation  of  the  stated  good  reproducibility  and  the  accuracy  of  the 
material  balances  in  these  runs. 


d.  Back  Reaction  of  BHCI9  HCl  in  the  Absorber 

Runs  1102  and  1103  are  unique  with  respect  to  the  conditions 
in  the  lower  section  of  the  absorber  during  their  progress.  For  each  of 
these  runs,  the  Jacket  around  the  lower  absorber  section  was  heated  to 
about  120'‘F.,  and  H2  was  definitely  supplied  for  stripping. 

This  probably  had  the  unintended  effect  of  stripping  much 
of  the  BHCI2  as  well  as  the  HCl  from  the  absorber  liquid  bottoms.  As  a 
result,  a  greater  than  ordinary  concentration  of  BHCI2  was  required  in 
the  middle  and  upper  parts  of  the  absorber  before  the  BHCI2  could  issue 
in  the  bottoms  liquid  at  the  concentrations  dictated  by  over-all  material 
balance. 


It  appears,  then,  that  only  in  Runs  1102  and  1103  was  there 
an  important  BHCI2  concentration  in  the  upper  section  of  the  absorber,  in 
which  the  HCl  concentration  was  also  relatively  high.  Thus,  some  back 
reaction  could  have  occurred  which  would  in  part  at  least  explain  the 
apparent  diborane  loss  for  these  runs  which  will  be  discussed  later.  It 
is  concluded,  therefore,  that  the  temperature  of  the  lower  absorber  sec¬ 
tion  should  be  kept  substantially  below  120‘F. 

3.  Performance  of  Disproportionator 
a.  Residence  Time  for  BHCI2 

The  residence  time  for  BHCI2  within  the  disproportionator 
was  evidently  adequate  for  the  maximum  rate  at  which  BHCI2  was  supplied 
to  it.  If  it  had  not  been  adequate,  there  would  have  been  a  continuing 
build-up  of  BHCI2  content  within  the  distillation  column.  This  would  have; 

(1)  Caused  the  product  rate  to  Increase  during  the 
relatively  long  period  during  which  it  was 
being  measured. 
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(2)  Caused  the  BHCI2  content  of  the  dlsproportlonator 
bottoms  liquid  to  rise. 

The  total  residence  time  of  BHCI2  within  the  dlsproportlonator 
was  estimated  as  follows: 


(1)  Total  liquid  hold-up: 


36 


X  2  cubic  Inches  hold-pp  In  absorber  > 


cubic  Inches  hold-up  In  dlsproportlonator  which  Is  about  44  x  10  ^  lb. 
as  BCl^  liquid. 


10.7 

moles 


(2)  Total  vapor  hold-up  In  distillation  section: 

52  X  2^  X  —  X  0.85  “  139  cubic  Inches  vapor,  which 
-4  ^ 

Is  about  11  X  10  ^  lb.  moles  as  BCl^  vapor. 

(3)  Rectification  above  feed  at  essentially  total  reflux: 


18  Inches  at  4.5  Inches  H.E.T.P.,  or  4  theoretical 
equivalent  plates.  Relative  volatility,  BHCI2  vs.  BCl^,'^  ■  3.  BHCI2  con 

centratlon  In  liquid  at  feed  point: 


-ifi  .  0.054 

700 

Fenske  equations  for  total  reflux: 


[hcij  ^ 


Feed 


X_  /  “  0.178 

'  Top 


That  Is,  If  no  disproportionation  of  BHCI2  occurred,  the  concentration  of 
BHCI2  In  the  liquid  at  the  top  of  the  tower  would  be  0.822  mole  fraction. 

(4)  Average  concentration  BHCI2  In  section  above  feed 
(by  applying  Fenske  equation  for  one,  two,  three,  and  four  theoretical 
equilibrium  plate  levels): 


about  0.40  mole  fraction. 
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(5)  Total  BHCI2  hold-up  (maximum,  asauming  no  dispro¬ 
portionation)  : 

O.AO  x^^  X  44  X  10"^  +  -^  X  11  X  lo'^J  -  8  x  10"^  lb.  moles. 

(6)  Maximum  BHCI2  residence  time: 

8  *  m  0.21  hours,  or  13  minutes. 

38  X  10'^ 


bj _ Removal  of  BHCl?  from  Dlsproportlonator  Liquid  Bottoms 

Based  on  an  estimated  4.5  inch  H.B.T.P.  for  the  packing,  the 
30  inch  stripping  section  of  the  dlsproportlonator  below  the  feed  point 
contained  6.7  theoretical  equilibrium  plates.  The  liquid  phase  concentra¬ 
tions  of  BHCI2  were  then  reduced  from  Xp  ■  0.054  In  the  feed  to 

V  .  0  054  X — ~  I - 

(stripping  factor)**  -  1 


in  the  bottoms. 

Evaluating  the  stripping  factor, 

^HCl  *  ^  (Inasmuch  as  tower  temperature  and  pressure  are 
2  always  such  as  to  make  ■  1) 

V  (at  630  watts  input,  and  3.34  x  10  ^  lb.  molea  per  watt- 
hour)  *  2110  X  10~^  lb.  moles  per  hour. 

L  -  V  +  Feed  (liquid)  -  (2110  +  700)  x  lO"^  lb.  moles  per 

hour. 

M  -  2.2 

L 

Xg  -  0.00015 

The  only  significant  measurement  of  the  BHCI2  content  of  the 
dlsproportlonator  bottoms  liquid  may  be  the  "wet"  method  value  for  Run 
1303,  0.16  mole  per  cent,  or  0.0016  mole  fraction. 

At  most,  the  BHCI2  lost  in  the  bottoms  would  be  about  0.0016 
X  700  X  10~^  ~  1. 1  X  10'^  lb.  moles  per  hour,  probably  less  than  the 
limits  of  detection  in  this  program. 
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c.  Explanation  of  Apparent  Losaes  in  Yield  of  B2H5 


The  fact  that  the  apparent  loss  in  yield  of  B2Hg  In  the  dls- 
proportlonator  was  associated  with  condenser  temperature  was  hinted  at  by 
the  unexpectedly  rapid  Increase  In  rate  of  product  gas  flow  near  the 
conclusion  of  Run  1302  when  the  coolant  flow  to  the  dlsproportlonator  con¬ 
denser  was  stopped  due  to  the  loss  of  prime  of  the  circulating  pump. 

The  fact  that  the  apparent  loss  In  yield  of  B2Hg  In  the 
dlsproportlonator  was  associated  with  dlsproportlonator  total  pressure  was 
Indicated  by  the  graphical  plots  of  rate  of  filling  of  the  dlsproportlonator 
during  Runs  1302  through  1305.  These  plots^  which  appear  In  Figure  38,  show 
that  the  rate  of  filling  decreased  markedly  In  each  run,  when  the  total 
pressure  passed  through  the  pressure  range  50  to  70  psl  absolute.  The 
effect  of  total  pressure  on  apparent  yield  was  clearly  established  In  the 
two  parts  of  Run  1401  when  essentially  complete  B2Hg  recovery  was  obtained 
at  35  psla  but  not  at  75  psla. 

The  explanation  of  these  effects  of  the  temperature  of  the 
dlsproportlonator  condenser  and  of  the  total  pressure  In  the  dlspropor¬ 
tlonator  on  the  apparent  loss  In  yield  of  dlborane  Is  that; 

The  temperature  of  the  dlsproportlonator  condenser 
was  lower  than  the  dew  point  of  the  combined  B2H5 
and  HCl  content  of  the  total  product  during  thoae 
runs  for  which  there  was  apparent  loss  In  B2H^  yield. 

This  Is  seen  with  reference  to  Figure  39,  which  Is  a  plot  of 
the  vapor  pressure  of  B2Hg  versus  the  temperature  of  the  Inlet  coolant  to 
the  dlsproportlonator  condenser.  For  eleven  runs,  the  calculated  sum  of 
partial  pressures  of  B2H^  and  HCl  was  approximately  equal  to  the  vapor 
pressure  of  B2H£  at  the  temperature  of  the  inlet  coolant.  These  were  Runs 
1005,  1101,  1203,  1204,  1301,  1302,  1303,  1304A,  1304B,  1305  and  1401B. 

For  one  run.  Run  1104,  the  calculated  sum  of  partial  pres¬ 
sures  of  B2Hg  and  HCl  was  higher  than  the  B2Hg  vapor  pressure  curve  and 
for  four  runs.  Runs  1103,  1201B,  1202,  and  1401A,  the  calculated  sum  of 
the  partial  pressures  of  B2Hg  and  HCl  was  lower  than  the  B2Hg  vapor  pres¬ 
sure  curve. 


Significant  material  balances  are  given  In  Table  48  on  14 
runs  In  which  the  results  could  be  Influenced  by  using  condenser  coolant 
In  the  temperature  range  -74®F.  to  -108“F.  Of  these,  only  three  material 
balances,  namely  those  for  Runs  1103,  1104  and  1202,  are  not  well  explained 
by  the  relationship  between  the  off-gas  dew  point  and  the  temperature  of 
the  Inlet  coolant  to  the  dlsproportlonator  condenser.  Run  1104  had  no 
calculated  losses  despite  having  a  calculated  sum  of  B2Hg  and  HCl  partial 
pressures  higher  than  B2H£  vapor  pressure  curve,  whereas  Runs  1103  and  1202 
had  appreciable  calculated  losses  which  were  not  explainable  by  presumed 
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condenaaClon  of  B2Hg  and  HCl  on  the  condenaer.  The  loaaea  in  Runs  1103^ 
as  in  Run  1102  for  which  a  complete  material  balance  was  not  available,  may 
be  due  to  back  reaction  In  abaorber  liquid  phase  at  about  120°F.,  aa  pre- 
vloualy  dlacuaaed.  The  Inability  to  correlate  the  material  balances  for 
Runs  1104  and  1202  with  (B2Hg  +  HCl)  dew  point  may  be  due  to  unknown 
dlacrepancles  In  meaaurements.  It  Is  significant  that  no  such  difficulty 
waa  encountered  for  the  eight  runa  In  the  group,  Runa  1301  through  1401B, 
all  of  which  were  made  under  the  beat  controlled  condltlona. 

The  surge  In  dlaproportlonator  gas  rate  and  the  high  percentage 
of  B2Hg  In  the  off-gas  which  were  noted  during  Run  1302  offer  quantitative 
evidence  of  the  depoaltlon  of  liquid  B2Hg  plua  HCl  on  the  condenaer  aurface. 
Calculatlona  from  data  In  Table  46  show  that  at  steady  state,  about  3.5  x 
10~^  lb.  moles  B2Hg  would  condense  per  hour.  About  0.05  x  10~^  lb.  moles 
HCl  would  also  condense  If  these  two  components  were  condensed  In  propor¬ 
tion  to  their  ratio  In  the  off-gaa.  Since  the  dlaproportlonator  had  been 
operating  at  steady  state  for  at  least  one  hour.  It  Is  clear  that  at  least 
3.5  X  10~^  lb.  molea  of  B2H5  were  condensed  and  available  to  furnish  the 
minimum  of  2.4  x  10~^  lb.  moles  of  "extra"  gas  which  flowed  during  the  75 
second  period  following  the  stoppage  of  coolant  supply.  Further,  It  Is 
easy  to  aee  how  the  B2H5  pocket  caused  by  sudden  volatlzatlon  of  ^2^6 
Into  the  slowly  moving  gaa  stream  of  the  condenser  section  could  maintain 
a  high  concentration  such  aa  94.7  per  cent  B2Hg,  which  was  obtained  for  an 
off-gaa  sample  taken  at  the  conclusion  of  the  run. 


PILOT  PLANT  DKSIGN 


I.  Background  Information 

The  design  of  the  pilot  plant  waa  begun  during  the  late  stages  of  the 
laboratory  and  prepilot  plant  Investigations  and,  of  course,  was  baaed  on 
Information  developed  In  this  coordinated  program.  Vlhlle  the  Incomplete 
status  of  these  Investigations  presented  some  handicap  to  the  design 
engineers,  there  was  also  an  advantage  In  that  the  still  active  program 
could  be  directed  toward  providing  data  deemed  most  critical. 

The  site  selected  for  the  pilot  plant  was  American  Potash  &  Chemical 
Corporation's  Henderson,  Nevada  facility  where  previous  prepilot  plant  work, 
as  described  In  Section  I  of  this  report,  had  been  carried  out.  This 
location  offered  the  advantages  of  available  space,  an  adequate  supply  of 
utilities,  a  dry,  warm  climate  for  an  outdoor  plant,  a  well-equipped 
laboratory,  proximity  to  prepilot  plant  equipment  to  supplement  the  pilot 
plant,  and  an  operating  team  experienced  In  handling  boranea. 
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Detailed  design  and  engineering  was  Initiated  1  December  1959  upon 
receipt  of  a  letter  contract  from  the  Air  Force.  An  abbreviated  engineering 
and  construction  schedule  was  necessary  with  equipment  procurement  and 
Installation  proceeding  as  rapidly  as  engineering  details  were  decided  upon. 
Field  construction  was  started  29  February  1960;  the  first  lines  were 
accepted  by  AFN  representatives  In  early  June;  and  final  acceptance  of  the 
^2^6  occurred  on  19  August  1960.  Views  of  the  finished  pilot  plant, 

which  Include  the  pyrolysis  unit  as  well  as  the  dlborane  unit,  are  pre* 
sented  In  Figures  40  through  43. 

The  Bechtel  Corporation  of  San  Francisco,  California  carried  out  the 
detailed  design  and  construction  activities  under  subcontract  to  AFN,  Inc. 
Engineering  and  construction  surveillance  was  provided  by  American  Potash 
&  Chemical  Corporation  personnel. 


II.  Design  Criteria 

The  two  chemical  reactions  studied  In  the  laboratory  and  prepllot  plant 
formed  the  basis  for  the  dlborane  process: 

H2  +  BCI3  BHCI2  +  HCl 

6BHCl2^;;r~^  B2H5  +  ABClj 


A.  Product 

Both  dlborane  and  hydrogen  chloride  were  to  be  recovered  In  a  pure 
state  (99+7i). 

1j _ Plppt  Cgpyglgj^aad 

The  Operating  requirement  of  the  plant  was  a  nominal  50  pounds  per  day 
of  pyrolysis  product.  To  accomplish  this  In  view  of  uncompleted  laboratory 
experimental  work,  the  most  optimistic  yields  were  used  and  the  design 
capacity  was  doubled  to  100  pounds  per  day.  This,  It  was  felt,  would 
compensate  for  lowered  yields  and  still  provide  50  pounds  per  day  opera* 
ting  capacity  requirement.  The  design  capacities  of  the  various  units  are 
listed  below.  Included  Is  the  boron  trichloride  feed  preparation  plant 
which  was  used  to  purify  by  redlstlllatlon  available  boron  trichloride. 

,8.9,rgii  frypayatiop  Plant 

lbs. /day 
2500  (Batch) 


1529 

79 

180 

1426 


CONFIDENTIAL 


Capacity 
Dlborane  Plant 
Feed 

Product 


Iba./tuu 


BC13 

600 

BC13 

63.7 

H2 

3.3 

B2H6 

7.5 

HCl 

59.4 
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These  quantities  reflect  complete  conversion  of  feed  materials  to  B2Ug 
and  HClj  l.e.^  100  per  cent  yield.  This  optimistic  approach  was  Justified 
Inasmuch  as  no  detectable  quantities  of  side  products  had  been  produced  In 
laboratory  and  prepllot  plant  experiments  under  optimum  conditions. 

Obviously  no  allowance  was  made  for  physical  losses. 

C.  Raw  Materials 

X* _ Boron  Trichloride 

Prepllot  plant  Investigations  had  Indicated  that  a  high  purity  BCI3 
was  necessary  to  Insure  a  long  life  for  the  hydrogenation  catalyst  and  to 
avoid  reactor  plugging.  Therefore,  the  following  specifications  were 
established: 


Boron  Trichloride 
Phosgene 
Free  Chlorine 
Silicon  as  SI 
Sulfur  Dioxide 
Carbon  Tetrachloride 


99.7  wt.  X  (minimum) 
0.10  mole  %  (maximum) 
0.10  mole  X  (maximum) 
300  ppm  (maximum) 

None 

None 


Material  meeting  these  specifications  was  commercially  available 
and  purchased  with  a  certified  analysis  required  of  the  supplier.  In  addi¬ 
tion,  the  Air  Force  made  available  a  considerable  quantity  of  a  lower  grade 
BCI3  containing  approximately  0.30  mole  per  cent  phosgene.  A  feed  prepara¬ 
tion  plant  was  therefore  designed  to  produce  specification  grade  material 
from  this  BCI3  by  means  of  a  distillation  operation. 

_ Hydrogen 

Hydrogen  as  regularly  produced  by  commercial  suppliers  was  con¬ 
sidered  satisfactory.  Specifications  were: 

Hydrogen  -  99. 9X  (minimum) 

Oxygen  -  5  ppm  (maximum) 

Dew  Point  -  -97*F.  (maximum) 

Again,  a  certified  analysis  was  required  of  the  supplier. 

1m _ 

Nitrogen  was  required  for  use  In  purging  and  Inerting  of  process 
equipment.  Prepllot  plant  experience  proved  the  regular  Industrial  grade 
liquid  nitrogen,  having  a  guaranteed  minimum  purity  of  99.997  per  cent, 
to  be  very  adequate.  Its  use  was  continued  In  the  pilot  plant. 


« 
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FIGURE  40.  AFN  PILOT  PLANT 
HENDERSON,  NEVADA 


FIGURE  41.  AFN  PILOT  PLANT 
DIBORANE  PLANT  -  LEFT 
PYROLYSIS  PLANT  -  right 
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FIGURE  42.  DIBORANE  PILOT  PLANT 
SOUTH  ELEVATION 


FIGURE  43.  DIBORANE  PILOT  PLANT 
EAST  ELEVATION 

HYDROGENATION  REACTOR  IN  FOREGROUND 
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D.  Hydrogenation  Reactor 

Operating  conditions  for  this  critical  processing  step  were  selected 
as  follows: 


H2/BCI2  in  Feed  (mole  ratio) 

-  3 

Reactor  Temperature  (“F.) 

-  1292 

Reactor  Pressure  (psig) 

-  185 

Residence  Time  (seconds) 

-  0.2 

Per  Pass  Conversion  of  BCI3  (%) 

-  20 

E.  General  Considerations 

1.  Storage 

Provisions  were  made  for  the  storage  of  both  diborane  and  anhydrous 
hydrogen  chloride  as  liquids.  Refrigeration  to  approximately  -20‘’F.  was 
therefore  required  to  limit  pressure  in  the  storage  vessels  to  a  nominal 
200  psig. 


Total  storage  capacity  for  300  pounds  of  62Hg  was  provided  in  two 
tanks.  This  amount  was  sufficient  to  feed  the  pyrolysis  plant  for  at  least 
five  days  and  thus  simultaneous  operation  of  the  diborane  and  pyrolysis 
plants  was  unnecessary. 

Since  no  reuse  of  the  hydrogen  chloride  by*product  was  intended, 
only  1500  pounds  of  storage  capacity  in  a  single  tank,  coupled  with 
facilities  for  periodic  sewering,  was  necessary. 

Three  220~gallon  tanks  provided  a  total  storage  capacity  of  7000 
pounds  of  purified  BCl^.  Intermittent  operation  of  the  feed  preparation 
step  was  therefore  adequate  to  supply  the  requirements  for  the  62Hg  plant. 

Hydrogen  was  supplied  from  vendor  furnished  trailers  containing  a 
nominal  60,000  standard  cubic  feet.  In  addition,  a  bank  of  120  stationary 
cylinders  held  a  reserve  of  50,000  standard  cubic  feet. 

2.  Soaring  of  Mechanical  Equipment 

No  mechanical  equipment  was  duplicated  because  the  additional 
capital  expense  required  was  not  Justified  by  the  purpose  o£  the  plant. 

3.  Type  of  Construction 

"Outdoor"  construction  was  utilized  to  the  fullest  extent  possible 
with  only  nominal  instrument  and  personnel  protection.  This  arrangement 
was  consistent  with  best  safety  practices  and  required  minimum  capital 
Investment. 
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4.  Safety  ♦ 

The  materials  Involved  in  diborane  production  presented  a  sobering 
array  of  safety  hazards  requiring  careful  engineering  consideration: 


Flammable  Gases 

-  Hydrogen,  dlchloroborane, 
diborane,  natural  gas 

Pyrophoric 

-  Dlchloroborane,  diborane 

Toxic 

-  Boron  trichloride,  dlchloroborane, 
diborane,  hydrogen  chloride 

Corrosive 

-  Boron  trichloride,  dlchloroborane, 
hydrogen  chloride,  sodium  hydroxide 
(in  destructive  scrubber) 

Certain  criteria  were  therefore  developed  for  the  design  and  opera¬ 
tion  of  the  pilot  plant: 

a.  A  positive  pressure  was  maintained  at  all  times  to 
prevent  entrance  of  air  or  water  vapor  into  the 
equipment.  Any  leakage,  therefore,  must  be  outward. 

b.  The  only  way  in  which  an  explosion  can  occur  inside 
the  equipment  is  if  air  has  been  admitted.  If  condi¬ 
tion  (a)  is  always  maintained,  an  internal  explosion 
cannot  occur. 

c.  Outdoor  construction  greatly  reduced  the  hazards  of 
exposure  to  personnel  of  toxic  gases  and  pockets  of 
flammable  materials.  Toxic  concentrations  or  large 
concentrations  of  pyrophoric  or  flanmable  compounds 
were  thus  reduced  to  a  minimum. 

d.  The  system  was  basically  leaktight.  It  was  thoroughly 
pressure  tested  at  100  psig  pressure  or  above  before 
being  accepted  from  the  contractor. 

e.  Normal  process  pressures  ranged  from  a  low  of  10  lbs./ 
sq.in.  to  a  high  of  300  Ibs./sq.in.  Any  excessive 
pressure  would  be  relieved  through  a  destruction 
scrubber  to  the  atmosphere.  All  vessels  containing 
potentially  explosive  materials  were  protected  with 
two  parallel  rupture  discs  and  one  safety  relief 
valve.  One  rupture  disc  was  backed  up  with  the 
relief  valve,  and  set  to  relieve  at  a  pressure  approxi¬ 
mately  30%  lower  than  the  vessel  design  rating.  The 
parallel  rupture  disc  was  set  for  a  pressure  slightly 
less  than  the  vessel  design  rating. 
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All  ocher  vessels  were  furnished  with  a  bursting  disc  and  Che 
back-up  relief  valve.  All  vessels  were  constructed  Co  meet 
A.S.M.E.  code  specifications  and  were  tested  Co  withstand 
pressures  of  one  and  a  half  times  design  rating. 

f.  Special  alloys  were  specified  for  vessels  used  at  temperatures 
at  -SO^F.  or  below.  This  precaution  was  intended  Co  avoid 
embrittlement  and  possible  fracture  of  Che  metal  if  Che  equip¬ 
ment  were  exposed  Co  a  sudden  sharp  impact.  The  lowest 
temperature  in  Che  plant  was  -100*F. 

Special  stainless  steel  and  nickel  alloys  were  used  for  Che 
Step  I  furnace-reactor  operating  at  ISOO^F.  and  185  Ibs./sq.in. 
pressure.  Normal  carbon  steel  construction  was  used  throughout 
Che  balance  of  Che  plant  where  temperatures  ranged  from  minus 
20*F.  to  plus  275“F. 

g.  The  destruction  scrubber  and  all  of  Che  header  lines  Co  it 
(into  which  Che  vessel  blowdowns  empty)  were  maintained  under 
a  constant  purge  of  natural  gas  Co  prevent  entrance  of  air 
and  moisture.  The  natural  gas  purge  prevented  Che  reaction  of 
any  of  Che  system  components  with  oxygen  or  water.  All  of  Che 
gases  Chen  passed  through  a  caustic  soda  solution  in  Che 
destructive  scrubber  tower  before  being  vented  to  Che  atmosphere. 

A  10- inch  water  seal  was  maintained  on  the  top  tray  of  the 
scrubbing  Cower.  This  seal  held  a  positive  natural  gas  pres¬ 
sure  in  Che  blowdown  system  and  prevented  any  backflow  of  air 
into  Che  destruction  scrubber  and  Che  blowdown  lines  both 
during  normal  operations  and  in  case  of  a  major  relieving.  If 
Che  water  seal  were  lost,  a  2-inch  gas  line  at  33  Ibs./sq.in. 
pressure  automatically  discharged  into  Che  destruction  scrubber 
Co  prevent  any  entry  of  air  back  into  the  system. 

h.  The  diborane  and  penCaborane  storage  vessels  were  mounted 
behind  concrete  block  walls. 

i.  During  normal  operations^  Che  operating  personnel  spent  a  large 
percentage  of  their  time  at  the  control  panel.  The  control  area 
was  directly  protected  from  the  equipment  by  a  solid  floor  and 
roofj  sheet-metal  wall  to  Che  rear,  and  an  observation  partition 
with  LuciCe  windows  on  Che  process  side  of  Che  structure.  This 
semienclosure  provided  a  means  of  protecting  Che  operators  from 
direct  exposure  to  a  sudden  release  of  liquids  or  gases  resul¬ 
ting  from  an  equipment  leak,  and  gave  them  time  either  Co  put 

on  an  air  mask  or  Co  leave  Che  area. 

j.  At  every  level  of  Che  operating  structures  and  throughout  the 
area  at  grade  level,  air  hoses  were  mounted  for  immediate  con¬ 
nection  to  air  masks.  Each  operator  was  furnished  with  an  air 
mask  for  his  immediate  use. 
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k.  Two  avenuea  of  escape  were  provided  at  every  level  of 

the  structures;  (1)  an  external  stairway  route,  and  (2)  * 

a  fireman 'a  type  escape  pole  for  emergency  use. 

l.  The  pilot  plant  was  a  restricted  area  and  only  authorized 
peraonnel  could  enter.  No  smoking  or  open  fires  were  per¬ 
mitted  In  the  area,  and  explosion-proof  motors  and  puah- 
button  stations  were  used  throughout  the  plant.  The 
switchgear  In  the  electrical  control  room  waa  of  non- 
exploalon  proof  construction;  however,  a  constant  stream 
of  freah  air  was  forced  Into  the  room  by  a  blower  to 
prevent  the  bulld-up  of  flammable  concentratlona  of  gasea 
In  caae  of  a  leak  or  spill. 

m.  Fire  extinguishers  were  located  at  all  levels  of  the 
structure  and  at  grade  level.  In  addition,  several  large 
water  hoae  stations  were  located  nearby.  It  muat  be  noted, 
however,  that  there  la  no  absolutely  proven  fire  extin¬ 
guishing  agent  for  boron  hydride  fires.  The  beat  fire 
procedures  Involve  (1)  shutting  off  the  source  of  the 
burning  materials  by  closing  valves,  etc.,  and  (2)  Isolating 
and  keeping  the  Intensity  of  the  fire  down  to  protect 
adjoining  areas  with  available  fire  fighting  equipment. 

n.  To  aid  In  preventing  the  danger  of  fires  or  explosions  In 
one  area  spreading  to  another  location,  the  dlborane  unit 
was  erected  approximately  50  feet  from  the  pyrolysis  unit. 

Within  the  dlborane  area,  the  furnace  was  50  feet  from  the 
main  structure,  and  the  hydrogen  cylinder  storage  area 
another  50  feet  away.  The  destruction  scrubber  was  also  50 
feet  from  the  Step  I  structure.  Isolating  the  acrubber 
from  the  processing  area  minimized  the  possibility  of 
noxious  vapors  that  might  pass  through  the  scrubber  floating 
back  Into  the  operating  areas. 

The  production  of  dlborane.  In  view  of  the  nature  of  the 
chemicals  Involved,  can  never  be  considered  anything  but  a 
hazardous  operation.  Nevertheless,  the  safeguards  outlined, 
when  coupled  with  diligent  safety  performance  on  the  part  of 
operating  and  maintenance  personnel,  provided  a  high  degree 
of  security  consistent  with  the  purpose  of  the  plant  and 
the  funds  available. 

5.  General  Design  Specifications 

As  a  means  of  assuring  quality  of  materials  and  construction,  nationally 
recognized  codes  and  standards  were  utilized  In  the  design  of  equipment  and 
In  the  specifications  for  materials,  equipment,  and  services  purchased.  In 
addition.  Inspections  were  performed  In  the  vendors'  shops  during  fabrica¬ 
tion  and  In  the  field  during  construction  to  Insure  conformance  to  those  * 

requirements  and  to  other  purchase  specifications. 
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The  codes  and  standards  utilized  included  the  following; 

ASMS  Unfired  Pressure  Vessel  Code^  Section  VIII^ 

latest  revision 

ASA  Code  for  pressure  piping^  latest  revision 

TEMA  (Tubular  Exchanger  Manufacturers  Association)  standards 

National  Electric  Code 

NEMA  (National  Electrical  Manufacturer’s  Association)  standards 
ASTM  (American  Society  for  Testing  Materials)  standards 
Underwriters  Laboratories  standards 

American  Concrete  Institute’s  code  for  reinforced  concrete 
American  Institute  of  Steel  Construction  specification 
Applicable  state  and  local  codes 


III.  Process  Description 

A.  Diborane  Production  (Step  I) 

Two  flowsheets  are  presented  for  the  diborane  plant.  Figure  44  is  a 
simplified  version  which  facilitates  the  understanding  of  the  general  plant 
operation.  Figure  45  presents  in  more  detail  the  sizing  of  equipment^ 
actual  flow  patterns,  and  the  operating  conditions.  Supplementing  these 
is  the  design  material  balance  given  in  Table  53.  Still  more  detail  is 
presented  in  Appendix  I  which  includes  piping  and  instrument  diagrams  and 
a  plot  plan.  The  diborane  production  unit  is  referred  to  as  Step  I  of  the 
pilot  plant. 

The  hydrogenation  of  boron  trichloride  was  accomplished  in  a  gas- fired, 
silver  lined  furnace-reactor  (lF-1,2).  The  reactor  effluent  gases  were 
rapidly  quenched  in  an  exchanger  (lE-1),  also  silver  lined,  to  "freeze"  the 
favorable  high  temperature  equilibrium.  The  reactor  products  were  then  con¬ 
tacted  with  cool  boron  trichloride  in  the  primary  absorber  (lC-1)  to 
separate  hydrogen  and  hydrogen  chloride  as  an  overhead  stream  from  dichloro- 
borane  and  boron  trichloride  as  a  bottom  stream.  Hydrogen  stripping  gas 
introduced  into  the  bottom  of  the  primary  absorber  stripped  hydrogen 
chloride  out  of  the  bottom  stream  and  into  the  overhead  stream. 

The  primary  absorber  overhead  was  chilled  and  sent  to  the  secondary 
absorber  (lC-2)  where  it  was  contacted  with  chilled  boron  trichloride  to 
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absorb  Che  HCl.  The  overhead  of  this  column  (H2)  was  recycled^  and  Che 
boCComs  (HCl  and  BCI3)  were  senC  Co  Che  HCl  fracCionsCor  (IC-S). 

Liquid  anhydrous  HCl  was  produced  as  Che  overhead  produce  of  Che 
fracClonaCor,  and  senC  Co  Tank  lC-9  for  sCorage.  Periodically  this  by- 
producCj  HClj  was  hydrolyzed  and  sewered.  The  boCComs  product  of  Che  HCl 
frscClonsCorj  essentially  pure  BCl^,  was  recycled.  A  small  amount  of 
dissolved  In  Che  feed  Co  Che  column,  was  separated  from  Che  fractionator 
overhead  product  as  a  gas,  snd  recycled  Co  Che  secondary  absorber. 

The  primary  absorber  (lC-1)  boCComs  product  contained  dlchloroborane 
and  BCI3.  This  maCerlsl  was  sent  Co  Che  prefracClonaCor  (lC-3).  Recycle 
BCI3  was  separated  as  s  boCComs  product,  and  Che  dlchloroborane  dlspro- 
portlonated  Co  form  B2Hg  gss,  and  Che  B2Hg,  saturated  with  dlchloroborane 
snd  BCl^,  was  sent  Co  Che  disproportionation  Cower  (ld-4).  Disproportiona¬ 
tion  of  Che  dlchloroborane  was  completed  In  this  Cower,  and  liquid  B2Hg 
obtained  as  Che  overhead  product  by  fractionation.  The  B2Hg  was  sent  Co 
sCorage  (1C-7A, -7B)  for  use  later  as  feed  Co  Che  pyrolysis  plant  (Step  11). 
Since  Che  Cower  boCComs  product  contained  some  dlchloroborane.  It  wss 
recycled  Co  Che  prefracClonaCor. 

B.  Feed  Preparation  (Step  IVl 

Boron  trichloride  not  meeting  0.10  per  cent  maximum  phosgene  content 
and/or  containing  high  boiling  Impurities  was  fractionated  In  Che  feed  pre¬ 
paration  section.  The  purified  feed  was  stored  for  subsequent  pumping  to 
Che  dlborane  plant  where  1C  was  used  as  feed  and  absorbent.  Figure  46 
describes  Che  equipment  and  gives  material  and  energy  balances  on  the  dis¬ 
tillation  equipment  and  sCorage  tanks.  A  hydrogen  fixed  sCorage  and  a 
mobile  refill  unit,  both  furnished  by  Che  vendor,  are  Indicated  In  this 
drawing.  No  processing  of  the  hydrogen  prior  Co  use  was  required. 

C,  _ Refrigeration  Plant  (Step  VI 

A  unique  three-stage  refrigeration  system  using  refrigerant  R-22  was 
designed  to  provide  three  levels  of  refrigeration  at  -20°?.,  -SO^F.,  and 
-lOO^F.  Figure  47  Is  a  simplified  flowsheet  of  Che  refrigeration  system. 
Liquid  refrigerant  was  pumped  from  a  chilled  supply  tank  (5C-2)  Co  Che 
-20'’F.  and  -S0*F.  loads.  Refrigerant  returning  from  Che  -20'’F.  loads  passed 
Co  the  -20*F.  accumulator  from  which  Che  vaporized  refrigerant  was  com¬ 
pressed  (compressor  SK-3)  and  distributed  back  Co  Che  supply  tank  after 
being  chilled  In  the  -S0*F.  accumulator.  Liquid  from  Che  -20*F.  accumulator 
also  returned  to  the  pump  tank  (5C-2).  The  vaporized  refrigerant  returning 
from  the  -SO^F.  loads  returned  to  Che  -50*F.  accumulator.  From  there  It 
was  compressed  (compressor  5K-2)  and  passed  Co  Che  -20*F.  accumulator  for 
cooling.  Liquid  In  the  -S0*F.  accumulator  wss  vaporized  Co  provide  cooling 
for  liquid  passing  through  the  accumulator  Co  Che  pump  tank  and  Co  Che 
-100°F.  load.  Vapor  from  Che  -lOO^F.  load  was  compressed  (compressor  5K-1) 
snd  cooled  In  Che  -20*F.  accumulator. 
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This  system  had  the  advantage  of  using  one  refrigerant  for  three  levels 
of  refrigeration  with  the  greatest  part  of  the  compressor  loading  occurring 
at  the  highest  temperature.  Figure  48  presents  a  detailed  flow  diagram  of 
the  system. 


♦ 


tv.  Vtuttisg 

The  utilities  supplied  to  the  plant  and  their  location  are  given  In 
the  utility  piping  and  instrumentation  diagrams^  Figures  49  and  50.  As  a 
safety  precaution^  breathing  air  fittings  (Schraeder  couplings)^  nitrogen 
and  vacuum  fittings  (Snap-Tlte  connectors)^  and  water  and  steam  fittings 
(Chicago  Pneumatic  couplings)  were  different  and  used  different  hoses  to 
prevent  cross-connecting  utility  services.  A  list  of  the  utilities  pro¬ 


vided  the  plant  follows: 

City  Water 

75  to  80  psig,  70*F.  (max.) 

175  pslg  (nominal) 

40  pslg 

NiEro&en 

75  pslg 

Vacuum 

Nash  25"  Hg.  Vacuum 
Beach-Russ  5  mm.  absolute 


Cisollng  Tower  Water 

64  psigj  280  gpm,  83“F.  (max.) 

Nfttvrflt,  gag 
30  pslg 

Caustic 

Destruction  Scrubber  40  pslg^ 

85  gpm 

Refrigeration 

-20"F.,  -50"F.,  -lOO'F. 


Compressed  Air 

Instruments  60  pslg,  69  SCFM,  dew  points  9”F.  at  0  pslg. 

Plant  Air  60  pslg,  20  SCFM,  dew  point  20'’F.  at  0  pslg. 

Emergency  50  pslg,  15  SCFM  (from  prepilot  plant). 

Electricity 

Power:  440/220  V,  3-phase,  60  cycle,  A.C.,  236  K.W. 

Two  parallel  feeders,  119  K.W.  and  117  K.W. 


Lighting:  Two  15  KVA  Transformers 
.480  V  3- phase/ 120- 2 40  V,  single-phase 


Instruments:  One  5  KVA  Transformer 

480  V  3-phase/ 120-240  V,  single-phase 

Emergency  Lighting:  Portable  2  lamp  unit 
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V.  Equipment  Specif IcaClons 

A.  Piping  and  Valves 

In  general^  carbon  steel  tubing  and  piping  were  specified  throughout 
the  plant  for  process  piping  except  where  temperature  conditions  lower 
than  -20*?.  predominated.  In  these  cases,  type  304  stainless  steel  was 
used  for  process  piping.  Carbon  steel,  0.065  Inch  wall,  annealed,  seam¬ 
less  tubing  was  used  In  only  three  sizes;  3/8  Inch,  5/8  Inch  and  7/8  Inch 
with  carbon  steel,  cadmium  plated  Imperial  Hi-Seal  fittings.  Carbon  steel 
schedule  40  seamless  Grade  A/B  ASTM  A-53  pipe  was  used  for  one  Inch  to 
six  Inch  sizes  with  butt  weld  fittings.  Flanges  were  used  only  where 
required  for  equipment  removal  and  at  control  valves.  The  few  screwed 
fittings  required  were  3000  pound  forged  steel. 

Stainless  steel  0.049  Inch  wall,  seamless,  type  304  with  type  316 
stainless  steel  Imperial  Hl-Seal  fittings  were  used  for  refrigerated  pro¬ 
cess  tubing  In  three  sizes;  3/8  Inch,  5/8  Inch  and  7/8  inch.  Type  304 
stainless  steel  schedule  lOS  seamless  pipe  was  specified  with  schedule 
lOS  butt  welding  type  304  stainless  fittings  In  one  inch  to  six  Inch  sizes. 
Any  required  stainless  screwed  fittings  were  specified  as  2000  pound  type 
304  stainless. 

The  valves  specified  for  use  In  process  tubing  lines  were  Jamesbury 
screwed  ball  valves  with  Teflon  seats  and  seals.  For  globe  valve  use, 
screwed  steel  body,  union  bonnet  Kerotest  N20A  valves  were  used.  A 
screwed  stainless  steel,  spring  loaded  Durable  valve  was  specified  for 
check  valve  service  In  process  lines.  Welding  neck  flanges  with  1/16 
Inch  raised  face  were  specified  for  300  pound  and  150  pound  service  for 
use  with  Jamesbury  flanged  ball  valves  in  one  Inch  to  six  Inch  sizes. 

For  reft;lgerant  lines,  hard  drawn  copper  tubing,  ASTM  B-68,  Type  L, 
was  specified  for  use  with  brass  valves  and  fittings.  Refrigerant  lines 
connected  to ^threaded  connections  at  equipment  were  connected  using  a 
silver  alloy,  back-brazed  copper  adapter. 

For  Instrument  air,  nitrogen,  and  breathing  air  lines,  schedule  40 
galvanized,  ASTM  A- 120  pipe  and  galvanized  fittings  were  specified  In 
1/2  Inch  to  2  Inch  pipe  sizes.  Copper  tubing,  1/4  Inch  with  0.030  Inch 
wall  and  12  tube  bundles  of  Dekron  Protecto  Pac,  type  B,  were  also 
specified  for  Instrument  air  lines  less  than  1/2  inch  In  size. 

Other  utilities,  cooling  water,  plant  water,  steam,  vacuum  and 
chilled  water  under  125  pslg  and  350*F.  used  schedule  40  pipe  ASTM  A-53 
Grade  A/B  with  screwed  150  pound  brass  gate,  globe,  and  check  valves. 
Fittings  were  malleable  Iron  150  pound  screwed.  High  pressure  steam,  175 
pslg,  and  natural  gas  had  3000  pound  fittings,  600  pound  valves  of  forged 
steel,  schedule  80  pipe  for  under  one  Inch  line  size,  and  schedule  40 
pipe  for  over  one  Inch  line  size. 


-276- 


CONFIDENTIAL 


H«T 


ion  «e^ 


Mt^ftACTtOPUlM 

Kt»o«iia 


0  M.eONMMtt 

MMINWbltTaV 


CIS  PU» 
COOUIt 


a 

t 

I' 


•hi 

OIL  Ht» 
CMtLitt 
*x*>f«f<uun 


CONFIDENTIAL 


ASD-TDR-62-1025 
Volume  III  of  V 
June  1962 


In  addition,  specifications  for  process  piping  called  for  1/12  inch 
per  foot  slope  in  direction  of  flow  for  draining.  Teflon  tape  was  speci¬ 
fied  aa  thread  lubricant  for  stainless  threaded  connections  and  Garlock 
101  for  carbon  steel  threaded  connections. 

Su _ Columns  and  Vessels 

All  vessels  were  constructed  in  accordance  with  ASMS  code  specifica¬ 
tions  for  unfired  pressure  vessels  and  had  been  tested  to  withstand 
pressures  of  one  and  one-half  times  design  rating.  Except  for  five  stainless 
steel  columns  and  vessels,  all  are  of  carbon  steel.  The  five  stainless  steel 
vessels  made  of  type  304  stainless  were  the  secondary  absorber  (lC-2),  the 
top  section  of  the  disproportionator  (lC-3),  the  diborane  storage  tanks 
(1C-7A,-7B),  and  the  diborane  absorber  (lC-8).  A  corrosion  allowance  of 
1/8  inch  was  used  for  the  carbon  steel  equipment  and  1/16  inch  for  the 
stainless  equipment. 

Generous  allowances  were  made  for  design  pressure  ratings  for  equip¬ 
ment  normally  operated  at  low  pressures,  10  to  75  psig.  As  a  minimum 
standard  for  these,  a  ft^aigh  rating  of  150  psig  was  used  for  columns,  100 
psig  for  storage  vessels. 

£j _ Hflt  BxcbinKH 

Except  for  the  reactor  feed-effluent  exchanger  (lE-1)  made  of  silver 
lined  Inconel  ahd  the  diborane  ebsorber  chiller  (lt-21)  made  of  stainless 
steel,  the  heat  exchangers  in  (be  pilot  plant  were  carbon  steel.  Most 
exchangees  were  Gclacom-Ruasell  ex(eaded..aorface  finned  heat  exchangers 
except  in  cases  where  a  double  pipe  exchanger  could  be  fabricated  in  the 
field  for  small  loads. 

D.  Pumps  and  ComM;essors 

Several  types  of  puatps  and  compressors  were  utilized  in  the  plant. 
Positive  displacement  diaphragm  type  pumps  were  used  for  low  volume,  high 
pressure  service  or  for  low  volume  constant  feed  service.  An  example  is 
the  diborane  product  pump  (lG-5)  used  to  transfer  liquid  diborane.  This 
type  of  puaip  was  u&ed  primarily  to  eliminate  the  need  of  packing  or  seals 
on  rotary  or  reciprocating  shafts.  A  compressor  used  for  hydrogen  recycle 
(lK-2)  was  slso  of  the  diaphragm  type.  It  was  installed  in  the  plant  to 
compare  its  service  to  that  of  a  Worthington  reciprocating,  non- lubricated, 
carbon  ring  packing  compressor  also  used  on  hydrogen  service  (lK-1). 

Normal  process  transfer  of  BCl^  was  accomplished  with  both  centri¬ 
fugal  and  turbine'^  type  puaips  depending  on  pressure  differential  and  load 
required.  These  pumps  were  equipped  with  single  mechanical  seals  backed 
up  with  a  close  fitting  carbon  throttle  bushing  to  prevent  excess  leakage 
in  case  of  seal  failure.  Double  mechanical  seals  were  not  used  in  these 
pumps  because  no  satisfactory  seal  fluid  was  available.  Conventional 
packing  was  out  of  the  question  because  operating  pressures  were  over  100 
psig. 


-283- 


CONFIDENTIAL 


ASD-TDR-62-1025 
Volume  III  of  V 
June  1962 


CONFIDENTIAL 


VI.  Waste  Disposal 

Disposal  of  waste  material  in  the  AFN  pilot  plant  consisted  mainly  of 
process  waste  gas  disposal  and  process  solids  disposal. 

A  caustic  scrubber  normally  containing  500  gallons  of  5  per  cent  caustic 
solution  was  used  to  destroy  boron  compounds  in  any  vented  gases.  The 
scrubbing  tower  was  2A  inches  in  diameter  and  contained  six  plates.  All  rupture 
discs  and  safety  relief  valves  in  the  process  vessels  of  the  plant  were  mani¬ 
folded  to  release  their  vapors  to  this  scrubber  in  case  of  pressure  build-up. 

To  prevent  back  Inspirstlon  of  air  into  the  system  during  normal  operation, 
natural  gas  was  constantly  bled  into  the  ends  of  the  gas  manifold.  To  pre¬ 
vent  air  inspiration  after  a  rupture  disc  or  safety  relief  valve  had  opened, 
a  gas  pressure  control  valve  released  natural  gas  into  the  manifold  system 
when  manifold  pressure  dropped  below  4  inches  of  water  above  atmospheric 
pressure.  A  caustic  solution  pump  circulated  40  to  60  gpm  to  the  scrubber 
and  was  also  used  to  provide  caustic  solution  for  clean  out  of  equipment  in 
the  pilot  plant. 

The  solids  waste  in  the  plant  may  consist  of  boron  hydrides  and/or 
boric  acid  fouling  equipment.  Caustic  solution  from  the  scrubber  was  used 
to  clean  out  solids  from  fouled  equipment. 

Solids  which  were  found  in  dismantling  equipment  which  had  not  been 
removed  by  a  caustic  wash  were  Inerted  by  decontaminating  the  equipment  with 
2.5  per  cent  ammonia  solution.  The  ammonia  solution  was  made  available  in 
the  plant  in  several  loosely  covered  55-gallon  drums  and  used  for  personnel 
decontamination,  equipment  decontamination,  and  for  washing  down  process 
liquor  spills. 


VII.  Operating  Procedures  and  Philosophy 

Operating«lnstructions  for  the  pilot  plant  are  detailed  in  Appendix  J. 
However,  a  more'  general  explanation  of  the  procedures,  underlying  philo¬ 
sophy,  and  equipment  selection  is  presented  here.  Instrument  and  equipment 
designations  mentioned  in  the  text  can  be  identified  by  reference  to  the 
piping  and  instrument  diagrams.  Appendix  I. 

A.  General  Controls 

Flow  controller  FRC-2  sets  the  hydrogen  feed  rate  to  the  reactor  through 
exchangers  IE-2  and  lE-1;  flow  controller  FRC-3  sets  the  hydrogen  flow  rate 
for  stripping  gas  to  the  primary  absorber  (lC-1).  Make-up  hydrogen  is 
measured  in  flowmeter  4FR-6  and  is  pumped  into  the  process  by  hydrogen  com¬ 
pressor  (lK-1)  as  the  process  requirements  demand.  The  system's  need  for 
additional  hydrogen  is  indicated  by  a  lowered  suction  pressure  to  this 
compressor;  a  pressure  regulator  in  the  make-up  hydrogen  supply  line  then 
acts  to  hold  this  pressure  constant  by  admitting  hydrogen  to  the  process 
from  the  supply  trailer. 
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Flow  controller  FRC-1  in  the  BCI3  feed  line  to  exchangers  lE-2,  lE-1 
and  furnace  lF-1,  sets  the  BClj  flow  to  the  reactor.  Make-up  BCI2  is 
measured  by  change  in  liquid  level  of  the  BCI3  storage  tank  (4C-4A,  B  or  C) 
plus  a  crosscheck  with  flow  recorder  FR-8.  Rotameter  FI-7  in  the  BCI3  feed 
pump  (4*. -2)  discharge  line  determines  only  if  flows  exist.  Boron  trichloride 
is  fed  as  make-up  into  the  system  as  called  for  by  the  bottoms  liquid  level 
controller  (LIC-14)  on  hydrogen  chloride  fractionator  (lC-5).  This  con¬ 
troller  determines  the  make-up  pump's  rate. 

A  bleed  of  recycle  H2  may  be  taken  from  the  system  from  the  secondary 
absorber  (lC-2)  overhead  stream.  A  small^  constant  flow  from  this  source 
passes  through  a  continuous  H2  thermal  conductivity  monitor  (H2R-I).  If 
the  H2  concentration  drops  to  less  than  95  per  cent,  an  additional  bleed 
stream  can  be  taken  through  flow  meter  FI-23  and  into  the  gas  destruction 
header  to  clear  the  system  of  inerts. 

The  three  major  pressure  levels  in  the  plant  are  controlled  separately. 
Pressure  controller  PRC-30  in  the  overhead  line  of  diborane  absorber  (lC-8) 
sets  the  pressure  in  this  column,  the  disproportionator  (lC-4),  and  prefrac¬ 
tionator  (lC-3).  Back  pressure  controller  PRC-35  in  the  overhead  line  from 
the  HCl  fractionator  sets  the  pressure  in  this  unit.  The  pressure  in  the 
reactor  (lF-1,2),  the  primary  absorber  (lC-1)  and  secondary  absorber  (lC-2) 
is  set  by  the  pressure  controller  PC-31  on  the  discharge  of  the  H2  make-up 
compressor  which  is  tantamount  to  the  suction  of  the  recycle  compressor  (lK-1). 

♦  In  addition,  the  pressure  controller  PC-31  on  the  H2  recycle  compressor  (lK-1) 

is  set  at  231  psig  to  overcome  pressure  drop  through  the  flow  control  system, 
reactor  and  absorbers,  and  the  suction  pressure  to  the  make-up  H2  compressor 
(lK-1)  is  controlled  as  previously  described. 

Production  of  liquid  diborane  product  is  measured  by  change  in  liquid 
level  of  the  storage  vessels  (1C-7A,-7B)  with  flow  meter  FI-6  in  B2Hg  pro¬ 
duct  pump  (lG-5)  discharge  line  giving  a  general  flow  indication.  By-product 
HCl  is  stored  in  vessel  lC-9  and  is  also  measured  by  change  in  liquid  level. 

A  crosscheck  on  the  material  balance  for  HCl  production  is  also  obtained  by 
flowmeter  FR-8  in  the  product  take-off  line  from  the  HCl  fractionator  (lC-5). 

B.  Start- Up  Procedure 

The  plant  is  initially  filled  with  clean,  dry  hydrOj^en  at  approximately 
10  psig  (H2  compressors  lK-1  and  lK-2  are  bypassed  to  fill  the  plant  with 
H2  directly  from  supply  trailer). 

^  working  level  of  BCI3  is  established  in  the  various  columns  by  filling 
from  the.  BCI3  storage  tanks  (1C-4A,  B  and  C)  in  the  Step  IV  area.  Further 
BCI3  additions  are  made  as  necessary  with  the  make-up  pump  (4G-2)  on  auto¬ 
matic  control  (LIC-14). 

Hydrogen  pressure  in  the  system  is  increased  to  40  psig  (temporarily 
bypass  H2  compressors  IK- I  and  lK-2). 
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During  normal  operation,  liquid  BCI3  is  transferred  by  column  pressure, 
established  at  300  pslg  by  PPC-35,  from  the  bottom  of  the  HCl  fractionator 
(lC-5)  to  the  reactor  (lF'-l,-2).  Before  the  HCl  fractionator  is  in  opera¬ 
tion,  however,  there  is  no  pressure  differential  available  for  this  transfer. 
The  fractionator  is  placed  in  operation  at  total  reflux.  Although  reflux 
is  not  expected  at  this  ooint,  refrigerant  is  started  to  the  overhead  con¬ 
denser  and  flow  controls  set  for  total  reflux  with  the  overhead  take-off 
valved  off.  Steam  is  then  started  to  the  reboiler  manually.  The  prefrac¬ 
tionator  (lC-3)  and  the  disproportionator  (lC-4)  are  next  placed  into 
operation  at  total  reflux  in  a  similar  manner  with  the  pressure  controller 
on  the  diborane  absorber  (lC-8)  set  at  the  desired  pressure  of  72  pslg. 

Operating  pressure  in  the  HCl  fractionator  (lC-5)  is  supplied  by  the  H2 
compressors  (lK-1  and  lK-2)  through  the  repressuring  line  which  is  opened 
momentajrlly  for  this  purpose.  Since  liquid  circulation  through  the  secondary 
itserber  (lC-2)  cannot  b**  establl3h“’d  until  the  HCl  fractionator  (lC-5)  is 
pressured,  chilled  liquid  is  not  available  to  desaturate  the  H2  recycle 
stream.  Circulating  warm  H2  saturated  with  BCl^  might  drop  out  liquid  in 
the  compressor.  For  this  reason  H2  circulation  should  be  stopped  by  closing 
the  valves  at  lFRC-2  and  lFBC-3. 

y/hen  the  HCl  fractionator  (lC-5)  has  been  pressured  to  231  psig  (output 
pressure  of  lK-1),  the  compressors  (lK-1  and  lK-2)  are  shut  down.  Liquid 
circulation  between  the  secondary  absorber  (lC-2)  and  the  fractionator  (lC-5) 
is  established  by  starting  the  secondary  absorber  bottoms  pump  (lC-2)  and 
setting  lFRC-9  at  flow  rate  of  4102  lbs. /hr.  Boron  trichloride  recycle  of 
feed  from  the  fractionator  (lC-5)  to  the  reactor  (lF-1,  lF-2)  is  prevented 
by  keeping  the  valve  at  IFRC- 1  closed. 

As  soon  as  the  secondary  absorb* r  (1C- 2)  is  cooled  to  operating  tempera¬ 
ture  (-45'’F.),  the  compressors  (lK-1  and  lK-2)  can  be  restarted.  The  valves 
at  lFRC-2  and  lFRC-3  should  be  opened  to  permit  H2  circulation  through  the 
furnace-reactor  (lF-1  and  lF-2),  and  the  primary  and  secondary  absorbers 
(lC-1  and  lC-2). 

liquid  BCI3  circulation  is  then  established  in  the  remainder  of  Step  1, 
excluding  the  furnace-reactor  (IF- 1,  lF-2)  and  exchangers  (lE-1,  lE-2,  lE-4 
and  lB-22).  This  is  accomplish*: d  by  starting  the  prefractionator  bottoms 
pump  (ir-3)  and  setting  the  absorbent  rates  to  the  primary  absorber  (IC- 1) 
and  Che  B2H^  absorber  (lC-8)  by  means  of  lFRC-11  and  lFRC-15,  respectively. 
The  E2Hg  absorber  bottoms  pump  (U;-6)  is  also  turned  on  automatic  operation. 

The  furnace -reactor  section  of  the  plant  is  operated  at  the  high  tem¬ 
perature  level  of  nOO’F.  and  contains  silver  screen  for  catalyst  and  as 
equipment  lining  for  corrosion  protection.  Design  heat  transfer  rates  are 
very  high  in  this  section,  and  it  is  imperative  chat  flow  be  maintained 
through  Che  equipment  while  it  Is  being  fired  to  prevent  melting  of  the 
stiver  catalyst  and  lining.  Fuichermore,  BCI3  without  H-,  present  is  very 
corrosive,  at  these  temperaCur-s.  It  is  therefore  very  important  that  H2 
flow  be  establish-d  first  and  stopped  last.  It  Is  also  essential  to  avoid 
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putting  the  reactor  under  a  vacuum  which  might  pull  the  silver  lining  loose 
from  its  substrate. 

After  a  steady  H2  flow  of  49  lbs. /hr.  is  set  at  FRC-2,  the  furnace 
temperature  controllers  (lTRC-47  and  lTRC-48)  are  set  at  1000"?.  and  the 
individual  burners  lit.  When  furnace-reactor  temperatures  reach  800'’F. 
(lTI-S-44j4S)  the  temperature  controllers  are  inched  up  gradually  until  a 
reactor  temperature  of  over  lOOO'F.  is  indicated.  The  controllers  are  then 
set  at  the  desired  operating  temperature^  IJOD^F.,  and  BCl^  flow  started 
through  the  reactor  at  a  minimum  rate  by  the  use  of  flow  controller  (lFRC-3). 
This  additional  heat  load  slows  down  the  heating  rate.  However^  the  BCI3 
flow  rate  can  be  gradually  increased  until  the  desired  rate,  955  lbs. /hr., 
is  achieved  at  the  design  reactor  temperature.  It  is  necessary  to  turn  on 
the  BCI3  recycle  pump  (lG-1)  to  achieve  this  rate. 

When  liquid  and  gas  feeds  to  the  reactor  are  steady  and  the  furnace- 
reactor  is  up  to  temperature,  the  skin  temperatures  (lTR-1)  of  the  reactor 
should  be  checked.  It  may  be  necessary  to  adjust  the  burner  trim  valves 
at  this  time  in  the  event  of  high  or  uneven  skin  temperatures. 

After  the  reactor  starts  operating  and  dichloroborane  accumulates  in 
the  system,  the  flow  rate  of  overhead  vapor  from  the  prefractionator  to 
the  disproportionator  will  increase  (lFR-12)  above  the  low  rate  expected 
from  Just  dissolved  H2  in  BCI3.  Then,  as  BoH^  accumulates  in  the  dispro¬ 
portionator  overhead,  the  tenq>eratures  of  the  top  of  the  column  (lC-4) 
will  drop  to  the  design  temperature  of  -70'*F.  (at  76  psig).  When  the 
disproportionator  overhead  temperature  (1  TI-5-26)  and  reflux  rate  (lFIC-5) 
indicate  that  pure  B2Hg  is  being  produced,  ^2^6  P>^o<iuct  take-off  to  one  of 
the  refrigerated  storage  tanks  (1C-7A  and  1C-7B)  should  be  initiated  by 
starting  product  pump  (lG-5).  Rate  of  pumping  is  controlled  by  level  con¬ 
troller  Lie- 16  on  the  accumulator. 

Furnace  operation  also  produces  HCl.  As  HCl  accumulates  in  the  HCl 
fractionator  overhead,  the  overhead  temperature  drops.  Again,  when  the 
overhead  temperature  (1  TI-5-31)  and  the  reflux  rate  (lFIC-7)  indicate  that 
pure  HCl  is  being  prqduced,  take-off  to  the  storage  tank  (lC-9)  can  be 
started.  Take-off  rate  is  controlled  by  the  ref lux  .accumulator  level  con- 
-troUer  <1  LIC-17). 

After  final  adjustments  to  operating  variables,  and  waiting  for  the 
system  to  cone  to  equilibrium,  the  plant  should  be  in  normal  operation. 

C.  Shutdown  Procedures 

Because  the  hydrogenation  reactor  (lF-1,  lF-2)  is  susceptible  to  costly 
damage  if  overheated,  it  is  Important  that  shutdown  operations  are  carried 
out  in  the  proper  sequence. 

1.  Shut  off  all  gas  to  burners. 

2.  After  reactor  temperature  begins  to  drop,  gradually 
reduce  BCI3  feed  (lFRC-1)  to  zero. 
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3.  Shut  off  H2  feed  only  after  reactor  temperature  as  indicated 
on  lTRC-1  is  below  500*F. 

4.  Isolate  reactor  from  remainder  of  system. 

Operation  of  the  remainder  of  the  plant  must  be  continued  for  several 
hours  until  all  available  B2H5  and  HCl  are  removed  from  the  system  to  storage. 
At  that  time  the  steam  to  the  reboilers  is  shut  off,  all  liquid  flows  stopped^ 
and  the  pumps  turned  off.  The  compressors  (lK-1^  lK-2)  are  stopped  and  the 
plant  is  bottled  up.  Finally,  the  refrigeration  system  is  put  on  "pumpdown" 
to  remove  all  refrigerant  from  the  entire  system  to  the  receiver.  The  B2Hg 
and  HCl  storage  tanks,  however,  are  kept  cold  continuously  by  the  auxiliary 
refrigeration  unit.  The  destruction  scrubber  pump,  the  cooling  tower  and 
pump,  and  the  plant  air  compressor  also  operate  constantly. 

For  safety  reasons,  a  close  surveillance  over  the  plant  should  be  main¬ 
tained  for  several  hours  after  it  is  shut  down.  As  various  parts  of  the 
plant  approach  ambient  temperature  from  their  normal  operating  temperature, 
leaks  may  develop  or  pressures  may  rise  due  to  volatilization  of  condensed 
liquids.  These  problems  can  be  readily  handled  by  knowledgeable  personnel. 

D.  Boron  Trichloride  Feed  Preparation 

Purification  of  the  BCI3  supply  is  accomplished  by  batch  distillation. 
First,  most  of  the  phosgene  is  removed  in  an  overhead  cut,  and  then  the 
purified  feed  is  taken  off  overhead  to  storage,  leaving  heavy  materials  in 
the  bottoms.  Since  these  are  originally  present  in  low  concentration,  they 
may  be  accumulated  in  the  still  pot  for  several  batches  before  being  dis¬ 
posed  of.  The  separation  of  phosgene  from  BCI3  is  very  difficult  and  a  high 
reflux  ratio  of  45:1  is  required  for  the  first  cut.  The  product  cut  can  be 
taken  off  at  a  1:1  reflux  ratio. 

The  BCI3,  received  by  tank  car,  is  first  transferred  to  storage 
cylinders  which  hold  approximately  1600  pounds  each.  These  are  transported 
by  fork  lift  truck  to  the  weigh  scale  (4V-2).  Nitrogen  pressure  is  then 
used  to  transfer  a  weighed  batch  of  2500  pounds  to  the  distillation  column 
(4C-2A)  from  two  or  more  cylinders.  The  column  is  started  up  on  total  reflux, 
venting  as  necessary  from  the  top  of  the  reflux  accumulator  to  establish  an 
operating  pressure  of  50  psig,  until  steady  state  conditions  are  reached. 

Then  the  phosgene  cut  is  taken  off  at  a  alow  rate  to  a  cylinder  on  the  weigh 
scale  until  the  phosgene  concentration  in  the  column  is  low  enough  to  give 
a  product  containing  less  than  0.10  per  cent.  Overhead  take-off  is  then 
switched  to  one  of  the  storage  tanks  (4C-4A,  B  or  C)  and  take-off  rate 
increased  to  600  pounds  per  hour.  Take-off  is  continued  until  the  full  charge 
is  distilled  over,  but  checking  column  temperatures  to  insure  a  pure  product. 
Material  balance  information  is  provided  by  the  weight  readings  and  changes 
in  levels  of  the  column  and  storage  tanks. 
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Periodically  Che  accumulated  phosgene  cuts  can  be  recharged  to  Che 
distillation  column  and  concentrated  further  Co  recover  much  of  Che  BCI3 
removed  with  Che  phosgene.  Eventually  the  concentrated  waste  cut  is 
sewered  with  a  large  excess  of  water.  Similarly  Che  concentrated  bottoms, 
which  contain  carbon  tetrachloride,  silicon  tetrachloride  and  perhaps 
solids,  are  periodically  removed  to  a  storage  bottle  and  Chen  flushed 
down  Che  sewer  with  excess  water. 


PILOT  PLANT  OPERATIONS 


I.  Preparations 

Much  of  Che  preparatory  work  toward  operation  of  Che  pilot  plant  had 
been  completed  when  Che  diborane  unit  (Step  I),  constructed  by  Bechtel 
Corporation,  was  officially  accepted  by  American  Potash  &  Chemical  Cor¬ 
poration  in  mid  August,  1960.  Operating  and  analytical  personnel  had  been 
assigned  and  familiarized  with  the  details  of  the  process,  equipment  and 
procedures  in  a  training  program  begun  three  months  earlier;  columns  had 
been  packed;  much  of  the  equipment  had  been  cleaned  and  drying  was  in 
progress;  process  and  analytical  instruments  were  checked  and  calibrated; 
some  BCI3  feed  had  been  distilled;  and  protective  and  emergency  safety 
measures  had  been  developed  and  reviewed.  Upon  acceptance  of  tl  e  plant, 
the  major  activities  remaining  prior  to  start-up  were  the  completion  of 
the  equipment  washing  and  drying  and  the  test  operation  of  the  pumps, 
compressors,  and  other  plant  elements.  These  were  completed  by  the  end 
of  the  first  week  in  September,  1960. 

Each  operating  shift  was  supervised  by  an  experienced  engineer. 
Assisting  him  in  the  operation  of  the  plant  were  a  Junior  engineer  and  a 
research  technician.  (Later,  the  Junior  engineer  was  released  for  other 
work  and  replaced  by  a  second  technician.)  A  chemist  and  laboratory 
technician  on  each  shift  furnished  analytical  support.  Three  such  crews 
operated  the  plant  for  ten  consecutive  days  and  then  had  four  consecutive 
days  off  to  complete  the  two  week  period.  The  pyrolysis  unit  (Step  II) 
was  operated  alternately  with  the  diborane  unit  (Step  I),  thus  providing 
time  for  maintenance,  checks,  and  minor  modifications  between  runs.  A 
one  man  safety  surveillance  was  maintained  over  the  pilot  plant  during 
idle  periods. 


II.  Raw  Materials 

As  shown  in  Table  54,  the  BCI3  available  for  use  in  the  pilot  plant 
contained  phosgene  and  lesser  amounts  of  chlorine,  silicon,  sulfur  dioxide, 
and  carbon  tetrachloride.  Frepilot  plant  investigations  indicated  that 
high  purity  6CI3  was  required;  otherwise,  impurities  could  lead  to 
deterioration  in  the  reactor  of  the  silver  screen  catalyst  and  plugging  of 
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the  reactor  with  solids.  Although  complete  elimination  of  these  impurities 
was  not  feasible^  it  was  possible  to  reduce  the  phosgene  and  carbon  tetra¬ 
chloride  levels  in  the  Air  Force  BCI3  to  a  reasonable  level  and  filter  the 
various  process  streams  to  remove  any  solids  which  might  form. 

TABLE  54 

Typical  Analyses  of  Boron  Trichloride  as  Received 


AFN 

Specifications 

Air  Force 
BCI3 

Trona 

BCI3 

COCI2  (mole  7.) 

<  0.1 

0.33 

0.05 

CCI4  (mole  X) 

Nil 

0.20 

None  Found 

CI2  (ppm) 

<  1,000 

180 

120 

Si  (ppm) 

<  300 

93 

180 

SO2  (ppm) 

Nil 

50 

None  Found 

The  BCI3  purification  system,  shown  in  Figure  46,  was  designed  to 
operate  on  a  batch  basis,  taking  a  topping  cut  of  phosgene,  chlorine  and  * 

sulfur  dioxide  with  a  small  amount  of  BCI3  first,  then  taking  the  refined 
BCI3  off  as  a  second  overhead  cut,  leaving  any  high  boiling  impurities 
in  the  bottoms.  At  the  beginning  of  each  batch,  the  fractionating  column 
(4C-2A)  was  operated  under  total  reflux  to  obtain  a  high  concentration 
of  phosgene,  etc.  at  the  top  of  the  column.  The  best  results  were 
obtained  by  intermittent  removal  of  the  phosgene-containing  overhead  cut 
between  periods  of  total  reflux  rather  than  by  continuous  take-off  as 
originally  designed. 

The  start-up  and  operation  of  the  purification  system  proceeded  with 
only  minor  difficulties.  In  July,  1960  two  batches  of  the  BCI3  received 
from  the  Air  Force  were  distilled  to  produce  3,000  pounds  of  purified 
feed  stock.  Analyses  and  material  balances  for  these  batches  are  given 
in  Tables  55  and  56,  respectively.  The  overhead  products  were  highly 
satisfactory;  the  phosgene  contents  of  0.073  and  0.036  mole  per  cent 
were  well  below  the  maximum  specification  value  of  0.1  mole  per  cent. 
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TABLE  55 

BCI3  Feed  Analyses 
Step  IV 


Batch  1 

Batch  2 

COCI2  (mole  %) 

0.073 

0.036 

CCI4  (mole  7.) 

Nil 

Nil 

Si  (ppm) 

7.8 

3.0 

C1:B  Ratio 

3.00 

3.07 

BCI3  (Wt.  7.) 

100 

100 

TABLE  56 

BClt  Dtsttllatlon  Material  Balances 

stee  ly 


Batch  1 
fibs.! 

Batch  2 
(lbs.) 

is 

Heel  from  Previous  Batch 
Weight  Charged  from  Cylinder 

None 

3475 

1160<®> 

1595 

Total 

3475 

2755 

Out 

Phosgene  Cut 

Purified  BCI3  Cut 

Heel  Left  in  4C-2A 

Unaccounted  For 

345 

1705 

_2^(b) 

230 

1890 

590,  . 
_^(c) 

Total 

3475 

2755 

(a)  Heel  greater  Chan  indicated  from  Batch  1 
because  of  calibration  tests  carried  out. 

(b)  Estimated  breakdown  of  losses: 

Improper  venting  at  start  of  run  500  lbs. 

Fill  system  and  clear  plugs  1A5  lbs. 

Vent  losses  during  COCI2  and  BCl^  cuts  290  lbs. 

935  lbs. 

(c)  Vent  losses  while  eliminating  N2  from  system. 
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*  Four  more  batches  were  distilled  in  August^  providing  an  additional 

10,700  pounds  of  purified  feed  material.  Table  57  presents  the  material 
balance  information  for  these  batches. 

TABLE  57 

Material  Balance 
BCl-^  Distillations,  Step  IV 


Batch 

No. 

Fresh  Charge 
(lbs.) 

Waste 

Cut 

(lbs.) 

Product 

Cut 

(lbs.) 

Column  Bottoms 
Gain  (+)  Loss  (-) 
(lbs.) 

Net  Gain  (+) 
or  Loss  (-) 
_ (lbs.) _ 

3 

2,818  (AF) 

283^^^ 

2,847 

-272 

■H 

A 

2,942  (TRONA) 

0 

1,862 

+  969 

5 

1,788  (TR(M1A) 

0 

2,006 

-334 

5A 

0 

222(b) 

884 

-996 

6 

3.502  (TRONA) 

3.133 

+  352 

Totals 

_ 

11,050 

_ 

505 

10,732 

-271 

-84 

(a)  CXI2  cut. 

(b)  Bottoms  accumulation  in  distillation  since  start  of  operation  was 


sewered  because  it  was  high  in  solids  and  high  boiling  impurities. 

Latch  No.  3  utilized  the  BCl^  received  from  the  Air  Force;  a  phosgene 
cut  was  removed  as  on  the  first  two  batches  described  above.  Again  the 
technique  of  intermittent  tops  removal  between  periods  of  total  reflux 
was  required  to  achieve  the  best  separation  in  the  column.  At  this  point 
the  cops  contained  6.1  per  cent  COCI2  while  the  bottoms  contained  0.13 
per  cent  (the  original  Air  Force  BCI3  contained  0.33%  COCI2).  A  116 
pound  cut  was  quickly  taken  off  and  the  column  put  back  on  total  reflux; 
subsequently  two  additional  cuts  were  made  in  a  like  manner  Co  bring  Che 
total  phosgene  cut  Co  283  pounds.  The  final  product  was  Chen  taken  off; 
a  sample  from  the  receiver  analyzed  0.014  per  cent  COCI2,  no  Clj  or  CCl^, 
and  one  ppm  Si.  A  very  pure  feed  material  was  thus  obtained. 

Batches  4,  5  and  6  utilized  TRCMSA  BCI3,  no  COCI2  cuts  were  required 
since  this  material  already  meets  Che  0.1  per  cent  maximum  specification 
for  phosgene.  No  problems  were  encountered  in  running  these  batches, 
although  the  "heel"  left  in  the  column  after  Batch  5  was  discarded 
because  high  boiling  impurities  had  reached  a  high  concentration  (CCl^, 
10.0  mole  per  cent;  Si,  800  ppm  by  wt.).  Nevertheless,  the  column  still 
made  a  satisfactory  separation. 

Throughout  these  batches  a  considerable  amount  of  hand  venting  was 
requit'd  to  maintain  the  column  pressure  at  a  reasonable  level.  Since 
this  was  necessarily  done  inCermiCCenCly,  minor  upsets  in  the  operation 
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were  experienced.  To  alleviate  this  condition,  a  pressure  regulator  was 
Installed  on  the  vent  line.  Table  57  Indicates  that  the  vent  losses 
over  a  number  of  batches  were  reasonable,  despite  some  apparently  sub* 
stantlal  losses  on  Individual  batches.  The  variation  In  vent  losses  from 
batch  to  batch  can  probably  be  explained  by  the  number  of  readings 
required  to  make  a  material  balance  (Batch  No.  3,  for  example.  Involved 
six  weighings  and  five  level  readings),  coupled  with  differences  In  the 
extent  to  which  the  column  drains  before  a  final  level  reading  on  the 
bottoms  Is  obtained. 

No  difficulties  were  encountered  In  subsequent  operation  of  the 
purification  unit  which  was  carried  out  routinely  as  required.  In 
general,  TRONA  boron  trichloride  was  used  as  feed  material  without  purifi¬ 
cation.  No  evidence  of  Increased  solids  formation  or  poisoning  of  the 
silver  catalyst  was  evidenced. 

Since  all  hydrogen  used  met  the  purchase  specifications,  no  purifi¬ 
cation  of  this  raw  material  was  required. 


III.  Experimental  Results 

A  total  of  sixteen  runs  were  made  In  Step  I.  The  first  started  on 
September  8,  1960  and  Run  16  ended  January  29,  1962.  The  pertinent  data 
from  these  runs  have  been  summarized  In  Table  58.  Several  Important  con¬ 
clusions  are  apparent  from  examination  of  the  data  In  Table  58; 

1.  The  process  Is  capable  of  producing  B2H5  of  greater 
than  99  per  cent  purity  (Ref.  Runs  2,3,7).  HCl  was 
the  major  Impurity  and  Its  occurrence  Is  discussed  In 
more  detail  later  In  the  report.  In  some  runs,  BCI3 
and  BHCI2  appeared  as  Impurities,  but  this  Is  attri¬ 
buted  to  Improper  operation  of  the  dlsproportlonator 
(lC-4  In  Fig.  45).  The  fact  that  these  compounds 
were  usually  absent  Indicates  that  this  column  was 
capable  of  making  a  good  separation. 

2.  Hydrogen  chloride  was  also  produced  In  high  purity 
(Ref.  Runs  2,  3,  5,  7,  9,  13,  15,  16).  Although  B2H5 
was  an  Impurity  In  some  of  the  earlier  runs,  only  BCl^ 
showed  up  In  the  later  ones.  An  equipment  change  was 
responsible  for  the  disappearance  of  B2H5.  Again, 

Improper  operation  of  the  HCl  fractionator  (lC-5) 
caused  BCI3  contamination.  In  some  runs,  considerable 
emphasis  was  placed  on  producing  a  hydrogen  chloride- 
free  bottoms  from  this  column,  and  this  was  accomplished 
at  the  expense  of  boron  trichloride  overhead  occasionally. 
However,  this  straightforward  physical  separation  can  be 
made  to  whatever  degree  desired  by  an  appropriate  dis¬ 
tillation  column. 
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TABLE  58 

PLANT  RUN  SUMMARY 


7. 


/S 


<« 


g 


DIBORANE 


'RODUCT 


^ 

1 

r 

7 

% 

B2H6 

% 

HCI 

% 

B2H6 

% 

HCI 

% 

B2H6 

A>le  % 

B2H6 

MoleS 

BCI3 

Mole% 

BHCI2 

Mole  % 
HCI 

DESIGN  CONDITIONS 

1290 

IBiaii 

100 

e 

100 

Si 

Run  Date 

1  Sept.  8  9,  1960  f 

24 

1090 

630 

3  3/1 

1 

44.0 

■ 

■ 

I 

1 

■ 

■ 

0 

2  Oet  5  8,  1960 

80 

73 

1140 

660 

2  2/1 

18.3 

348  0 

13.5 

27.0 

68 

141 

39 

Nil 

m 

N.D. 

100 

Nil 

3  Oct  28  Nov  11  1960 

155 

1150 

284 

3  6/1 

21  2 

3680 

79  0 

1150 

247 

366 

■■ 

m 

32  6 

21  5 

1 

Nil 

0  3 

D 

998 

Nil 

4  Dec  17  23  1960 

200 

130 

1250 

977 

2  7/1 

313  0 

298  0 

864 

82  5 

65  0 

m 

883 

Nil 

Nil 

11 7 

95  5 

1  2 

5  Jon  11  14  1961 

67  5 

43  5 

1230 

562 

3  7/1 

QQI 

87  0 

B 

IQEI 

76  8 

226 

99  5 

Nil 

6  Feb  10  16  1961 

145 

131 

1250 

60S 

2  9/1 

Hi 

622  0 

418  0 

QQyi 

93  9 

82  2 

82  1 

m 

Bi 

1  7 

92  0 

B 

7  Mo>  26  31  1961 

124 

123 

1190 

625 

1  6/1 

15  5 

469  0 

IQQ 

792 

886 

81  7 

91  3 

[H 

■ 

m 

D 

mm 

■ii 

8  Ap  27  28  1961 

38 

38 

1260 

515 

2  1/1 

14  0 

108  1 

BQ 

Q| 

86  9 

89  8 

832 

85  9 

69  2 

940 

m 

a 

Nil 

95  8 

2  5 

9  Jun  3  8  1961 

125 

99 

1255 

537 

2  0/1 

0211 

95  6 

94  0 

807 

793 

71  4 

'?4  8 

Nil 

Nil 

52 

990 

0  95 

10  No  Data  Explosion  and  fi>e  on  1C  4  reflux  systen 

_ 1 

1 

B 

n 

■ 

11  No  Data  Trio!  run  ofte*  rebuilding  pilot  plont 

m 

■ 

B 

B 

12  Oct  27  Nov  2  1961 

151  4 

107  4 

288  4 

24  5 

292 

35  9 

448 

40  1 

892 

B 

0  14 

BtM 

94"  7 

53 

13  Nov  11  Nov  18  1961 

76 

67 

m 

QEQI 

m 

253  9 

105  7 

126  2 

80  3 

95  9 

586 

70  6 

41  6 

897 

Nil 

10  3 

99,4 

08 

14  Nov  30  Dec  8  1961 

128  8 

1260 

Eg 

4  3/1 

lO 

390  0 

259  0 

268  5 

81  9 

84  9 

67  9 

■1 

66  4 

922 

Nil 

Nil 

78 

96  2 

38 

15  Jon  3  Jon  8  1962 

103  3 

1260 

E9 

3  1/1 

18  7 

340  0 

231  0 

83  0 

75  5 

67  9 

98  1 

Nil 

Nil 

1  9 

99  1 

08 

16  Jon  24  Jon  29  1962 

m 

88  3 

1290 

531 

2  VI 

17  3 

319  4 

206  1 

581 

70 

64  5 

98  8 

Nil 

1  2 

1000 

Nil 
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//  b  j 

ik  I 


Ni  !  l  j 


J /J'^%-^%  (hi- 

B2H6  HCI 


DIBORANE  /  HCI 

RODUCT  ANALYSES  ^PRODUCT  ANALYSES 


630  3  3/1 


18.3 

348  0 

KB 

21  2 

368  0 

D 

21  0 

8750 

3130 

223 

206 

3 

136  0 

19  8 

622 

a 

418  0 

15  5 

469 

1 

273  0 

140 

a 

74  8 

154 

321 

5 

229  0 

515 


537 


4  reflux  sys 


pilot  plant 


354  4  3/1  19  2  288  4 


488  3  6/1  19  8  253  9  105  7  126  2 


392  4  3/1  19  6  390  0  259  0  268  5 


446  3  VI  18  7  340  0  231  0 


531  2  VI  17  3  319  4  206  1 


869 

89  8 

95  6 

94  0 

292 


95  9 


81  9  84  9 


83  2  85 


80  7  79  3 


35  9  44  8 


5B6  70 


70 


REMARKS 


Unable  to  toke  off  diborone  product  which 
led  to  high  recycle 


Continued  difficulty  in  dlborcne  toke  off 
High  p*essu*e  drop  th-eugh  reoctor  rndicoted 


94  0 

am 

Nil 

958 

Da 

1  1 

OS 

N>l 

Nil 

990 

0  95 

0  05 

N.l 

Plont  steam  piessu-e  low 


Plont  sleam  pressure  low 


Recurring  plug  In  hydiogen  make  up  hrte 
Some  minot  upsets  m  lehige’Otton  system 

Low  notuioi  gas  pressure  -esulted  in  low 
ieact‘On  tempe*otu-e  ond  low  converstons 
1C  3  seal  leaked 


Ref'ige^otlon  system  foilu'o  fo*ced  p'ematuM 
termfnot«on  of  'un 


Bo*h  hydtt>gen  'Orycle  comp'OssO'S  failed 
Also  refrigeration  difficulties  continued. 


89  7  Nil  Nil  10  3 


92  2  Nil  Nil  7  8 


98  8  Nil  Nil 


94'7 

53 

Nil 

Nil 

994 

08 

Nil 

Nil 

96  2 

3  8 

Nil 

Nil 

99  1 

08 

0  1 

Nil 

100  0 

Nil 

Nil 

Nil 

100  refrige  otion  foiled 


100  i^igerotien  failed 
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3.  Per  pass  conversions  of  BCI3  to  BHCI2  in  the  hydrogena¬ 
tion  reactor  achieved  the  design  figure  of  20  per  cent 
(Ref.  Runs  3,  k,  5)  at  the  design  flow  rafe  (Run  4). 
Conversions  fluctuated  as  expected  under  varying  condi¬ 
tions  of  temperature  and  H2  to  BCI3  ratio.  Within  the 
limits  of  analytical  accuracy  (sampling  and  analysis  of 
reactor  effluent  was  quite  difficult  and  required  a 
statistical  approach  for  meaningful  results),  no  loss  In 
effectiveness  of  the  catalytic  reactor  was  noted  In  the 
period  of  pilot  plant  operation. 

4.  Yields  of  product  and  by-product,  based  on  BCI3  consumed, 

were  In  the  order  of  93  to  95  per  cent  (Ref.  Runs  5,  6, 

9).  Yields  based  on  H2  were  somewhat  lower,  probably 

due  to  physical  losses. 

5.  The  feed  rates  to  the  reactor  were  usually  kept  at  about 
60  per  cent  design.  A  lower  rate  was  necessary  because 
product  purity  suffered  greatly  at  high  flow  rates.  This 
problem  was  the  result  of  an  unexpectedly  low  capacity 
of  the  absorption  section  (lC-1  and  1C- 2)  for  separating 
HCl  and  BHCI2  and  will  be  discussed  later  In  the  report. 

In  this  complex  plant.  It  was  necessary  that  literally  hundreds  of 
Individual  equipment  Items  function  effectively  for  the  unit  as  a  whole  to 
give  Its  best  performance.  Since  no  spare  equipment  had  been  provided 

because  of  the  experimental  nature  of  the  operation,  results  were  some¬ 

times  obscured  by  the  occurrence  of  normal  equipment  malfunctions.  The 
sixteen  runs  did  provide  ample  data  to  permit  evaluation  of  the  process 
and  gave  an  adequate  supply  of  B2H5  for  operation  of  the  pyrolysis  unit 
(Step  II). 

Typical  curves  for  the  cumulative  production  of  B2Hg,  HCl  and  BHCI2 
are  shown  in  Figures  51  and  52.  The  top  curve  In  both  figures  shows  the 
B2Hg  equivalent  In  pounds  of  the  boron-hydrogen  bonding  leaving  the 
reactor  as  BHCI2.  The  curve  labeled  B2H0  shows  the  pounds  of  B2H£  actually 
recovered  while  the  HCl  curve  gives  the  E2Hg  equivalents  In  the  slopes  of 
the  two  sets  of  curves  Is  Indicative  of  the  Improvements  achieved  In  the 
performance  and  operation  of  the  pilot  plant  In  the  period  between  Run  3 
and  Run  9. 

The  difference  between  the  BHCI2  curve  and  the  B2Hg  curve  Is  a  measure 
of  the  boron- hydrogen  bondings  not  recovered  during  the  run.  There  are 
four  possible  means  that  this  apparent  loss  of  boron- hydrogen  bonds  can 
take  place: 

1.  Physical  loss  or  venting  of  either  BHCI2  or  B2Hg. 

2.  Sack  reaction,  l.e., 

3HCI2  HCl - ^SClj  +  H2 
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3.  Polymerization  of  BHCI2  or  B2Hg  to  form  solids. 

4.  Build-up  of  Inventory  In  the  system  of  boron- hydrogen 
bonded  compounds  which  were  not  recoverable  and  lost  4t 
run  termination  due  to  back  reaction. 

The  more  Important  of  these  were  (1)  and  (2)  which  will  be  discussed 
under  Equipment  Performance. 


IL. _ Calculations 


The  conversions  and  yields,  as  referred  to  In  this  report,  are 
expressed  by: 


"U  Conversion 


Moles  BHCI2  produced  per  pass 
Moles  BCI3  fed  to  reactor  per  pass 


X  100 


7.  Yield  (B2Hg)  based  on  make-up  BCI2 
%  Yield  (HCl)  based  on  make-up  BCI3 


Moles  BoH,-  recovered 

- S_2 -  X  100 

Kqulv.  moles  BCI2  consumed 
Moles  HCl  (as  B,H^) 

- 1 - -  X  100 

Bqulv.  moles  BCI3  consumed 


The  actual  procedures  used  to  calculate  the  results  of  the  Step  I  runs 
are  given  In  detail  In  Appendix  L.  A  complete  sample  calculation  Is  also 
shown  In  Appendix  L. 

For  calculation  purposes,  the  starting  time  of  each  run  was  taken  as 
the  time  when  the  BCI3  feed  to  the  reactor  was  first  started,  and  the  end 
of  the  run  was  taken  as  the  time  when  the  BCI3  feed  to  the  reactor  was 
shut  off.  In  reality,  all  equipment  was  started  up  and  In  operation  for 
some  time  before  the  process  temperatures,  flows,  etc.  reached  steady 
state  conditions  and  the  run  could  begin.  Usually  eight  to  ten  hours  were 
required  to  achieve  satisfactory  conditions  so  that  the  BCI3  feed  to  the 
reactor  could  be  started.  By  the  same  token,  the  pilot  plant  normally 
remained  In  operation  for  several  hours  after  the  BCI3  flow  to  the  reactor 
ceased.  This  enabled  the  reactor  to  cool  down  slowly  and  permitted  the 
recovery  of  most  of  the  B2Hg  and  HCl  left  in  the  system  at  shutdown. 

During  an  actual  run,  process  or  mechanical  operating  difficulties 
sometimes  resulted  In  the  shut  off  of  the  BCI3  feed  to  the  reactor.  This 
did  not  necessarily  end  the  run.  If  the  difficulty  could  be  corrected  In 
a  reasonable  time  and  the  BCI3  flow  resumed,  the  run  would  be  continued. 

For  this  reason,  two  operating  times  are  reported  for  each  run,  the  first 
being  the  total  time  from  the  start  to  final  shutdown  of  the  run,  and  the 
second,  the  actual  length  of  time  BCI3  was  fed  to  the  reactor.  In  general, 
the  difference  between  the  two  Is  an  Indication  of  the.  nund>er  or  serious¬ 
ness  of  mechanical  problems  encountered  during  the  run. 
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31  I  2  3  4  5  6  7  8  9  10  11 

Oct.  November 


Figure  51.  Cumulative  Froduccion  Data  -  Run  3 
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3  4  5  6  7  8  9  10  11  12 


June 

Figure  52.  Cumulative  Production  Data  *  Run  9 
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V.  louloment  Performence 

In  gencralj  Che  pilot  plane  performed  and  was  operated  In  the  manner 
described  In  the  preceding  part  of  this  report  (Pilot  Plant  Design).  Only 
two  changes  were  made  In  Che  flow  paths  shown  In  Figure  45: 

1.  After  Run  2^  the  discharge  of  Che  make-up  hydrogen  com¬ 
pressor  (lK-2)  which  also  handles  the  overhead  gas  from 
the  B2Hg  absorber  (lC-8),  was  rerouted  to  the  bottom  of 
the  primary  absorber  (lC-1)  where  it  supplemented  the 
stripping  gas.  This  change  was  desirable  to  prevent 
B2^6>  which  sontetlmes  broke  through  Che  top  of  Che 
absorber  under  upset  conditions,  from  being  fed  to  the 
reactor  (1F“1,  lF-2)  by  way  of  the  H2  recycle  compressbr 
(lK-1).  The  high  temperatures  of  Che  reactor  section 
would  of  course  cause  pyrolysis  of  Che  B2Hg  with  con¬ 
sequent  solids  formation  and  plugging  of  Che  reactor. 

2.  After  Run  3,  the  bottoms  liquor  from  Che  B2Hg  absorber 
(lC-8)  was  rerouted  Co  go  to  the  reflux  accumulator  of 
the  prefractionator  (lC-3)  rather  than  to  the  feed  of 
that  column.  This  stress  was  rich  In  dissolved  B2R5 
and  It  was  considered  best  to  shorten  the  recycle  path 
traced  by  Chip  ^2^^  thereby  minimizing  possible  losses 
through  back  teactlon  or  polymerization. 

Ocher  Important  changes  were  made  to  Improve  mechanical  performance  ot 
certain  pieces  of  equipment  and  will  be  discussed  as  Che  various  sections 
of  the  dlborane  plant  are  reviewed. 

Detailed  operating  Instructions  are  Included  In  Appendix  J. 

A.  Reactor  Section 

The  hydrogenation  reactor  (lF-1,  lF-2)  was  In  operation  fot  over  1300 
.hours  with  no  evidence  of  a  decrease  In  the  activity  of  the  silver  screen 
catalyst,  nor  was  any  chemical  attack  of  the  silver  lining  used  In  the 
reactor  and  feed-effluent  exchanger  (lB-1)  apparent.  These  were  examined 
visually  prior  to  a  clean-out  after  Run  3,  but  were  not  opened  up  again. 

Analysis  of  samples  of  the  reactor  effluent  stream  after  It  had  pass-¬ 
through  the  quench  exchanger  (lE-1)  and  the  BC1~  vaporizer  (lE-2),  Indi¬ 
cated  that  these  units  were  effective  In  "freezing"  the  favorable  equlll 
brlum  existing  at  the  reactor  temperature.  The  back  reaction: 

BHCI2  +  HCl  - -BClj  + 

received  detailed  consideration  during  the  bench  scale  and  design  phases, 
as  previously  reported,  and  lE-1  was  specifically  constructed  to  cool  the 
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reactor  effluent  quickly  to  avoid  this  effect.  Since  design  conversion 
rates  were  obtained,  it  must  be  concluded  the  reactor  section,  illustrated 
schematically  In  Figure  33,  met  all  expectations. 

It  became  apparent  early  in  Run  2  that  the  design  reactor  temperature, 
1290®F.,  could  not  be  achieved.  Struthers-Wells  Corporation,  designer  and 
supplier  of  the  furnace,  was  contacted  on  this  matter  and  larger  gas 
burners  for  the  reactor  furnace  were  supplied.  The  replacement  burners, 
installed  after  Run  3,  proved  to  be  adequate  in  subsequent  runs.  At  the 
same  time,  it  was  noted  that  the  refractory  surrounding  the  burner  ports 
had  deteriorated  in  several  places.  A  different  type  of  high  temperature 
castable  refractory  was  used  to  repair  the  defective  areas,  and  in  fact  to 
provide  a  new  combustion  tube  for  each  of  the  36  burners.  No  further  atten¬ 
tion  was  required  by  the  refractory  during  the  remainder  of  pilot  plant 
operations. 

A  similar  problem  arose  with  respect  to  the  thermocouples  installed  to 
measure  the  outside  wall  temperature  of  the  reactor.  One  by  one,  these 
became  Inoperative  in  the  first  runs;  therefore,  they  were  removed  and 
returned  to  the  supplier  for  repair  after  Run  3.  It  developed  that  their 
sheath  tips  had  originally  been  silver  soldered  and  could  not  withstand 
the  normal  furnace  temperatures.  In  addition,  deterioration  and  shifting 
of  the  refractory  had  caused  some  mechanical  damage.  When  repaired,  the 
thermocouples  performed  satisfactorily  although  some  failures  started 
developing  in  the  last  few  runs.  Apparently  a  thermocouple  construction 
better  tailored  to  this  environment  Is  needed.  The  thermocouples  within 
the  reactor  Itself  (TRC-47,  48)  performed  very  well. 

The  early  runs  also  Indicated  the  need  for  protecting  the  reactor 
from  solids  accumulation.  When  the  pressure  drop  through  the  reactor  sec¬ 
tion  (lE-l,  IF- 1,2)  became  excessive  in  Run  3,  these  units  were  opened  for 
examination  and  then  washed  out.  Approxlmate.ly  one  pound  of  solids  was 
found  in  the  reactor.  Most  of  this  undoubtedly  resulted  from  the  recycle 
of  B2Hg  to  the  reactor  as  previously  noted;  further  trouble  from  this 
source  was  prevented  by  the  piping  change.  Additional  protection  against 
solids  deposition  was  provided  by  the  installation  of  a  porous  metal  filter 
In  the  reactor  feed  line  between  the  two  exchangers  (1£"1,  2).  Although 
Che  liquid  BCI3  and  H2  feeds  were  filtered  separately.  It  was  possible  that 
some  82*^3^  form  of  soluble  triboronoxychlorlde  (8303013)  had  been 

passing  through  the  BCI3  polishing  filter  (lV-1)  but  would  be  removed  In 
this  new  filter,  these  changes  were  effective  In  preventing  any  further 
problems  with  reactor  plugging. 

E.  Separation  Section 

The  most  serious  process  problem  encountered  In  the  operation  of  the 
pilot  riant  proved  to  be  thf  separation  of  aod  HCl  In  the  primary 

afcsocbi-  (10-1).  Any  going  overhead  was  absorbed  in  Che  secondary 

absorber  and  eventually  wound  up  in  the  HCl  fractionator  (lC-3).  Here 
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some  of  Che  BHCI2  disproporClonaCed  Co  form  B2Hg  which  wenC  overhead  and 
conCamlnaCed  Che  HCl  by-producC.  The  remainder  elCher  back  reacCed  wlch 
HCl  Co  form  BCI3  or  lefC  Che  fracClonaCor  In  Che  boCComs  liquid  recycling 
Co  Che  reacCor  (lP-1,  lP-2). 

Ac  Che  same  Clme,  any  HCl  leaving  Che  primary  absorber  In  Che 
boCComs  liquor  was  fed  Co  Che  DCB  prefracClonaCor  (lC-3).  A  small  porClon 
of  Chls  HCl,  which  has  a  vapor  pressure  close  Co  B2H5  and  was  Cherefore 
noC  separable  In  Che  plloC  plane  dlsClllaClon  columns^  passed  Chrough  Che 
prefracClonaCor  (lC-3)  and  Che  dlsproporClonaCor  (lC-4)  Co  become  a  major 
conCamlnanC  In  Che  produce.  Agaln^  Che  back  reacClon  beCween  HCl  and 
BHCI2,  forming  Che  primary  reacCanCs  H2  and  BCl^^  disposed  of  Che  major 
porClon  of  Che  HCl  In  Che  underflow  from  Che  primary  absorber  (lC-1). 

Back  reacClons  were  found  Co  have  a  very  favorable  Influence  on  plloC 
plane  resulCs.  Ic  Is  apparenC  from  Che  above  discussion  ChaC  Che  purlCy 
of  boCh  Che  produce^  ^2^6*  by-producC^  HCl^  was  maCerlally  Improved 

by  Che  back  reacClons  Caking  place  In  Che  dlsClllaClon  columns.  The 
laboraCory  developmenC  program  had  shown  ChaC  HCl  back  reaeCs  noC  only 
wlch  BHCI2  buC  also  wlCh  B2Hg: 

4HC1  +  B2H5  2BHCI2  +  4H2 

UndoubCedly  Chls  reacClon  conCrlbuCed  appreciably  Co  Che  bullc-ln  purlflca- 
Clon  process.  While  1C  was  suspecCed  ChaC  Chls  process  conClnued  Co  a 
llmlced  degree  In  Che  refrlgeraCed  sCorage  Canks  (1C-7A^B  and  9),  Che  daCa 
obcalned  were  noC  conslsCenC  enough  Co  prove  1C  conclusively  due  Co  Che 
problems  InherenC  In  obCalnlng  a  very  small  buC  represenCaClve  sample 
from  a  large,  sCaClc  Cank  of  liquid. 

While  Chese  back  reacClons  In  Che  dlsClllaClon  columns  were  beneficial, 
a  similar  reacClon  In  Che  primary  absorber  (lC-1)  would  resulC  In  a  loss 
of  BHCI2,  Chus  reducing  Che  plane's  producClvlCy .  However,  maCerlal  balance 
calculaClons  around  Che  primary  absorber,  based  on  analyClcal  and  flow  daCa, 
failed  Co  show  any  such  loss.  ApparenC ly  Che  lower  CemperaCure  of  Che 
column  and  shorC  liquor  hold-up  Clme  effecClvely  prevenCed  appreciable 
back  reacClon. 

As  IndlcaCed  In  Table  58  (Run  Summary  DaCa),  HCl  conCamlnaClon  of 
Che  produce  flrsC  occurred  In  Run  4.  In  Che  flrsC  Chree  runs,  reacCor 
ChroughpuC  and  conversion  had  been  low  due  Co  Che  llmlCed  capaclCy  of  Che 
furnace  burners  and  Che  separaClon  sysCem  was  adequaCe.  In  Run  4,  design 
flow  races  and  conversion  were  achieved  wlCh  Che  resulc  ChaC  Che  primary 
absorber  (lC-1)  did  noC  perform  a  saClsfacCory  separaClon.  This  condl- 
Clon  was  noC  deCecCed  during  Che  run  because  (1)  Che  absorber  boCComs 
were  noC  analyzed  for  HCl  since  no  analyClcal  meChods  were  available  Co 
deCecC  a  small  amounC  of  HCl  In  liquid  BCI3,  and  (2)  Che  Infrared  analysis 
used  Co  monlCor  Che  produce  B2H5  was  also  InsenslClve  Co  HCl.  Ic  was  noC 
unCll  a  more  deCalled  analysis  of  Che  produce  collecCed  In  Che  Cank  was 
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performed  at  the  end  of  Run  4  that  the  gross  product  contamination  was  dis" 
covered.  In  the  remaining  runs,  product  samples  were  periodically  analyzed 
for  HCl  by  hydrolysis  and  absorber  performance  inferred  by  the  results. 

In  the  runs  immediately  following,  reactor  feed  rates  were  reduced  to 
enable  the  absorber  section  to  make  a  better  BHCl2'‘HCl  separation  with  some 
degree  of  success.  Performance  of  the  primary  absorber  (lC-1)  was  found 
to  be  directly  related  to  reactor  feed  rate  as  shown  in  Figure  54. 

Because  of  the  integrated  nature  of  the  pilot  plant,  the  efficiency 
of  separation  accomplished  by  the  primary  absorber  was  dependent  upon  the 
performance  of  other  equipment  items.  For  example,  the  overhead  gas  from 
the  secondary  absorber  (lC-2)  had  to  be  free  of  HCl  or  the  stripping  gas 
to  the  primary  absorber  (lC-1)  could  not  possibly  remove  the  HCl  there. 
Similarly,  the  bottoms  of  the  HCl  fractionator  (lC-3)  had  to  contain  no 
HCl  if  the  absorbent  to  the  secondary  absorber  (lC-2)  were  to  completely 
remove  HCl  from  its  overhead.  Again,  the  HCl  content  of  the  overhead  gas 
from  the  secondary  absorber  could  not  be  determined  with  precision  because 
of  the  BCl^  also  present.  However,  the  continuous  H2  analyzer  monitoring 
thia  stream  did  indicate  changes  in  H2  purity  and  provided  a  means  of 
evaluating  changes  in  operating  conditions.  High  absorbent  flow  rate, 
low  absorbent  temperature,  and  smooth  operation  of  the  HCl  fractionator 
(lC-5)  were  conducive  to  highest  H2  purity.  By  following  these  conditions 
carefully  and  keeping  the  reactor  feed  rate  at  about  60  per  cent  of  design, 
^2^6  Pi^oduct  purities  of  94  to  99  per  cent  were  obtained  in  Runs  6  to  9. 

While  these  operational  Investigations  were  proceeding,  the  problem 
was  examined  from  an  engineering  standpoint.  The  effect  of  an  incomplete 
HCI-BHCI2  separation  on  product  and  by-product  purity,  assuming  no  sub¬ 
sequent  back  reaction,  was  determined.  Results  are  shown  in  Figures  55 
and  56.  In  addition,  the  effects  of  HCl  contamination  of  the  stripping 
gas  on  B2Hg  purity  were  calculated  (Figure  57).  The  amount  of  HCl  to  be 
expected  in  this  stripping  gas  (Figure  58)  as  the  consequence  of  a  given 
percentage  of  HCl  in  the  absorbent  (lC-5  bottoms)  was  also  calculated. 

These  calculations  all  indicate  that  a  very  complete  separation  was 
required  in  all  columns  if  the  desired  purity  were  to  be  obtained. 

The  next  step  was  to  ascertain  what  could  be  done  to  improve  the 
plant's  performance.  Bechtel  Corporation  engineers  reviewed  their  original 
design  calculations  and  concluded  that  gas  underloading  of  both  absorbers 
(lC-1  and  lC-2)  was  the  probable  cause  for  their  inability  to  perform  as 
expected,  and  that  repacking  of  these  columns  with  1/4  inch  Raschig  rings 
would  remedy  the  situation  without  causing  excessive  drop.  Accordingly, 
the  original  Intalox  saddles  were  removed  after  Run  9  and  replaced  with  1/4 
inch  metal  Raschig  rings  dry  dumped  into  place  and  settled  by  tapping  the 
sides  of  the  columns.  At  the  same  time,  an  additional  -20'’F.  exchanger 
(lF-23)  was  installed  in  the  absorbent  line  to  the  secondary  absorber  to 
relieve  part  of  the  load  on  the  -50  exchanger  (IE- 13)  and  insure  the  coldest 
possible  absorbent. 
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Figure  5A.  Performance  of  Primary  Absorber  (lC-1)  as  Related 
to  BCI3  Feed  Rate  to  Reactor  (lF-1,2). 

Data  from  Runs  4,  5  and  6. 
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Figure  55.  Effect  of  Prlmery  Absorber  Functioning  on  Product  Purity 
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HCl  in  stripping  gas  (mole  %) 


Figure  37.  HCl  Stripping  Efficiency  In  lC-1  as  a  Function  of 
HCl  In  Stripping  Gas  (Base  100%  at  0%  HCl 
In  Stripping  Gas) 
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Figure  58.  Effect  of  Impure  Absorbent  on  HCl 

Recovery  -  Secondary  Absorber  Operation 
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Upon  stsrClng  Run  10,  It  wss  found  that  flooding  of  both  absorbers 
occurred  at  approximately  60  per  cent  of  design  flow  rates.  This  result 
contrasted  with  Bechtel  Corporation's  calculations,  and  It  became  neces¬ 
sary  to  determine  the  reason  for  It.  Partially  plugged  packing  support 
plates  could  have  caused  the  problem. 

Additional  tests  were  performed  on  pilot  plant  equipment  and  the  packing 
calculations  were  reviewed  with  the  conclusions  that  (1)  the  columns  did 
give  the  proper  physical  response,  and  (2)  U.  S.  Stoneware's  "Generalized 
Pressure  Drop  Correction",  used  by  Bechtel  In  their  calculations,  was 
Inadequate  for  the  circumstances  encountered.  Probably  the  correlation 
was  unsatisfactory  In  this  case  because  the  gas  and  liquid  Involved,  l.e., 

H2  and  BCI3,  respectively,  represent  extremes  In  density  as  compared  to 
such  materials  as  ammonia  and  water,  which  typically  provided  most  of  the 
basic  data  for  the  correlation.  Moreover,  the  packing  factor,  an  Important 
element  In  making  the  pressure  drop  calculations,  was  given  by  U.  S.  Stone¬ 
ware  for  1/4  Inch  metal  Raschlg  rings  as  an  extrapolated  value  and  was 
therefore  unsuitable.  Other  correlation  methods  applied  to  this  problem 
Indicated  flooding  at  design  rates  for  the  two  absorption  columns.  Figure 
59  Illustrates  the  results  of  the  "Generalized  Pressure  Drop  Correlation" 
method,  while  Figure  60  shows  the  results  of  another  correlation. 

In  view  of  this  more  intensive  study,  both  the  primary  and  secondary 
absorbers  (lC-1  and  lC-2)  were  repacked  with  1/2  Inch  Intalox  saddles,  but 
the  latter  was  returned  to  Its  "as  built"  condition.  Since  the  opportunity 
presented  Itself,  the  1/2  inch  Intalox  saddles  In  the  B2Ug  absorber  (lC-8) 
were  also  replaced  with  1/4  Inch  metal  Raschlg  rings  after  first  calcula¬ 
ting  pressure  drop  by  various  methods.  Although  this  column  had  performed 
well,  the  change  made  It  even  more  efficient. 

After  this  second  repacking  wss  completed  prior  to  Run  11,  some 
Improvement  In  the  colusoi  efficiencies  was  found.  Dlchloroborane  In  the 
primary  absorber  overhead  was  reduced  to  s  minimum  and  no  BHCI2  or  B2Hg 
was  found  In  the  by-product  HCl  from  these  runs.  However,  the  stripping 
of  HCl  from  the  primary  absorber  bottom  liquor  was  still  not  complete  and 
HCl  was  found  In  the  B2Hg.  Investigation  revealed  that  the  absorber  bottom 
temperature  was  only  25  to  30°F.  Design  temperature  was  /O^F.  Refrigera¬ 
tion  modifications  during  the  July  and  August  shutdown  period  had  resulted 
In  a  substantially  reduced  temperature  of  the  absorbent  to  the  secondary 
absorber  and  thereby  reduced  the  BCI3  content  of  the  recycle  gas  stream 
used  as  stripping  gas  for  the  primary  absorber.  Boron  trichloride  was 
evaporated  by  this  stripping  gas  In  the  stripping  section  of  the  absorber, 
cooling  the  remaining  liquid  below  design. 

Since  the  solubility  of  anhydrous  HCl  In  BCI3  varies  Inversely  with 
temperature,  this  condition  contributed  to  the  appreciable  HCl  contamina¬ 
tion  of  the  product  B2H0  during  Runs  12,  13  snd  14.  Therefore,  prior  to 
Run  15,  the  recycle  H2  cooler  (IE- 6)  was  changed  to  permit  heating  of  the 
stripping  gas  to  270  to  280°F.  By  this  means,  the  primary  absorber  bottoms 
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temperature  was  Increased  to  approximately  60*F.  during  the  last  two  Step 
I  runSj  and  the  HCl  concentration  In  the  62!!^  was  reduced  to  less  than  2.0 
per  cent. 

The  pilot  plant  operation  uncovered  no  pecularltles  of  the  HCI-BCI3 
systems  which  would  rule  out  the  efficient  separation  of  HCl  and  BHCI2  by 
absorption.  More  efficient  packing,  If  flooding  could  be  avoided,  or 
longer  columns  would  undoubtedly  make  operation  at  design  conditions 
possible. 

C.  Distillation  Section 

1.  DCB  Prefractionator  (lC-3) 

The  DCB  prefractionator  (lC-3)  was  designed  to  separate  BHCI2  from 
the  absorbent  BCI3  by  distillation,  sending  BHCI2,  B2Hg  and  some  BCI3  over¬ 
head  to  the  dlsproportionator  (lC-4)  while  producing  pure  BCI3  as  a  bottoms 
product  for  recycle  as  absorbent  to  the  primary  absorber.  Performance  of 
the  prefractionator  was  adequate.  The  column  proved  capable  of  producing 
a  relatively  pure  bottoms  product  at  design  rstlos.  During  most  of  the 
runs,  the  BHCI2  content  of  the  absorbent  to  the  primary  absorber  was 
usually  nil  although  occasional  values  were  as  high  as  0.3  mole  per  cent. 

The  column  reflux,  however,  was  not  steady  during  normal  opera¬ 
tion,  fluctuating  as  much  as  1000  per  cent.  This  condition  caused 
substantial  variations  In  the  bottoms  level,  frequently  threatening  to 
starve  the  bottoms  pump,  as  well  as  the  feed  rate  to  the  dlsproportionator 
(lC-4).  It  Is  believed  that  the  sporadic  disproportionation  of  BHCI2  to 
^2^6  basic  cause  since  the  operation  was  always  very  steady  at  run 

start-up  when  there  was  no  BHCI2  In  the  system.  Since  the  disproportiona¬ 
tion  reaction  produces  a  total  of  5  moles  of  B2H5  and  BCI3  for  the  6  moles 
of  BHCI2  reacted,  rapid  disproportionation  could  cause  a  pressure  change 
with  a  resultant  variation  In  reflux  rate.  The  consequences  of  this 
phenomenon  were  minimized  by  careful  control  of  the  colunm  without  detri¬ 
ment  to  the  over-all  plant  operation.  Addition  of  a  larger  surge  volume 
to  the  vapor  space  of  the  reflux  accumulator  to  reduce  pressure  surging 
would  probably  eliminate  most  of  the  fluctuations. 

During  the  first  few  runs,  the  steam  pressure  on  the  prefrac¬ 
tionator  reboller  (IE- 15),  required  to  maintain  the  desired  boll-up, 
gradually  Increased.  This  was  correctly  Interpreted  as  resulting  from 
fouling  of  the  reboller  surfsces  with  solids,  as  examination  of  the 
reboller  after  Run  3  disclosed.  The  process  side  of  the  exchanger  was 
washed  and  dried,  and  a  filter  was  Installed  on  the  discharge  of  the  bottoms 
pump  (lG-3).  This  measure  was  effective  In  controlling  solids  build-up 
thereafter.  Since  there  normally  was  very  little  liquid  outflow  from  the 
primary  absorber  (lC-l)-prefractlonator  (lC-3)  loop,  solids  naturally 
tended  to  accumulate  there.  Thus  when  the  new  filter  started  removing  them, 
solids  were  reduced  to  a  generally  low  level  throughout  the  plant. 
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Figure  59.  Diborane  Process.  Application  o£  U.  S.  Stoneware's  "Generalized  Pressure 
Drop  Correlation"  to  Friraar>-  and  Secondary  Absorbers  (lC-1,  lC-2). 

•  Design  Packing  vs.  1/4"  Metal  Raschlg  Rings  at  Design  Flow  Rates. 


Liquid  Rate,  lbs. /sec.,  sq.  ft. 

Gas  Rate,  lbs. /sec.,  sq.  ft. 

Liquid  Density,  Ibs./cu.  ft. 

Packing  Factor  F 

Viscosity  of  Liquid,  Centlpolse 

Density  of  Water 

Ratio,  f - — P"T7 — rz 

’  Density  of  Liquid 

Gravitational  Conversion  Factor  -  32.2 
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L  Liquid  rate  (lbs. /hr. -sq.ft.) 

V  »  Vapor  rate  (lbs. /hr. -sq. ft.) 

«  Liquid  density  factor  (density  in  lbs. /cu.  ft . /62.3)®' ^ 

0^  -  Vapor  density  factor  (density  in  lbs./cu.ft./0.75)®*5 

V  «  Kinematic  viscosity  (centistokes) 

P  >  Empirical  exponent  (0.12  for  1/2"  saddles,  0.33  for  1/4"  rings/ 


Figure  60.  Diborane  Process.  Results  of  Flooding  Calculations  for  Primary 
and  Secondary  Absorbers  (lC-1,  at  Design  and  Run  10 

Conditions 
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Because  the  plant  had  been  designed  to  avoid  the  existence  of  B2Hg 
at  temperatures  of  pyrolysis,  the  occurrence  of  these  solids  was  somewhat 
disturbing.  But  chemical  analysis  revealed  the  presence  of  30  to  50  per 
cent  chloride  in  various  samples,  and  therefore  some  compound  other  than 
B2Hg  contributed  to  solids  formation. 

A  possible  reaction  mechanism  for  the  formation  of  higher  mole* 
cular  weight  chloroboranes  could  be: 

2BHC12  - -  BH2CI  +  BCI3 

2BH2CI  - -  B2H^Cl2 

B2H4CI2  +  BH2CI  - -  B3HgCl3 

B3HgCl3  - -  B3H5CI2  +  HCl 

B3H3CI2  +  BH2CI  ^ — ►  B^H7Cl3 

B4H7CI3  - -  B4HgCl2  +  HCl 

B4H6CI2  +  BH2CI  - -  B5HgCl3 

etc. - *  BjjHyCl^  (polymer) 

This  mechanism  is  analogous  to  the  BoH^  pyrolysis  reactions  pro¬ 
posed  by  Schaeffer. 


B2Hg  - -  2BH3 

B2Ug  +  BH3  •  B3H^ 
B3H9  - ^B3H7  +  H2 


etc. - ^  BjjHy  (polymer) 

Since  only  one  to  two  pounds  of  solids  per  run  were  removed  from 
the  filters,  B2Hg  yield  was  not  detectedly  affected.  However,  the  preven¬ 
tion  of  accumulations  in  troublesome  spots  such  as  the  reactor  (lF-1,  lF-2) 
and  rebollers  was  Important  to  continued  operations, 

2.  Pisproporttonator  (lC-4) 

The  disproportionation  column  (lC-4)  served  two  functions:  (1) 
the  disproportionation  of  BHCI2  and  (2)  the  fractionation  of  the  resulting 
reaction  mixture  to  obtain  pure  B2Hg  as  the  overhead  product.  While  the 
column  itself  performed,  very  well,  the  mechanical  problems  were  substantial 
in  handling  the  B2Hg  take-off  and  reflux.  In  the  first  run,  no  product  was 
taken  off;  in  Run  2,  take-off  was  accomplished  only  until  the  pressure  in 
the  storage  tanks  equalized  that  in  the  column. 
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Inicially,  reflux  waa  dlfflculc  Co  start  because  Che  less  dense 
B2Hg  could  not  displace  BCI3  in  Che  gravity  reflux  system.  At  Che  same 
time.  It  was  found  Chat  Che  -100*F.  refrigeration  on  Che  reflux  and  take- 
off  lines.  Including  Che  product  pump  (lG-5)  waa  insufficient  Co  prevent 
flashing  and  gas  binding.  The  system  was  reworked  Co  improve  refrigera¬ 
tion  and  permit  pumping  of  Che  reflux  as  needed  at  Che  start  of  a  run. 

This  aided  in  producing  good  results,  although  runs  were  not  trouble-free. 

After  an  explosion  and  fire  which  occurred  during  Run  10,  Che 
reflux  and  take-off  system  was  redesigned  as  shown  in  Figure  61  Co  pro¬ 
vide  improved  operation  and  safety.  An  important  feature  of  Che  revision 
waa  Che  use  of  -lOO^F.  refrigeration  on  one  of  Che  B2Hg  storage  tanka 
(1C'7B)  permitting  gravity  take-off  of  Che  product.  Troublesome  pumping 
of  liquid  B2Hg  waa  thereby  eliadnaCed. 

2u _ Hydyogm  C^ilggtjs 

The  pilot  plant  design  called  for  the  production  of  pure  anhydrous 
HCl  as  Che  overhead  product  from  Che  HCl  fractionator  and  pure  BCI3  as  Che 
bottoms  product.  This  of  course  assumed  no  BHCI2  in  Che  feed  so  Chat  only 
HCl  and  BCI3  were  fractionated  in  Che  column.  As  previously  pointed  out, 
essentially  pure  (99%  or  better)  HCl  was  produced  in  many  runs,  and  it  is 
therefore  concluded  that  the  column  did  perform  as  intended. 

During  early  runs,  4  and  5  in  particular,  fluctuations  in  Che 
available  plant  steam  pressure  veve  responsible  for  much  of  Che  product 
B2Hg  contamination.  A  sudden  drop  in  Che  steam  pressure  resulted  in  loss 
of  boil-up  in  Che  fractionator  reboiler  and  in  dumping  of  Che  materials 
in  Che  column,  with  subsequent  contamination  of  the  fractionator  bottoms 
with  HCl.  In  turn,  this  caused  HCl  Co  go  overhead  from  Che  secondary 
absorber  (lC-2)  and  eventually  get  into  Che  prefracCionaCor  (lC-3)  feed 
via  Che  primary  absorber  (lC-1)  stripping  gas.  Corrective  measures  were 
taken  regarding  Che  steam  supply  and,  aside  from  an  occasional  momentary 
upset  due  Co  an  unusual  fluctuation,  Che  problem  was  effectively  eliminated 
during  later  runs. 

Aj _ Diborane  Absorber  (1C- 8) 

This  column  generally  performed  well  and  permitted  no  B2Hg  Co  go 
overhead  unless  it  was  slugged  with  B2H^  such  as  happened  occasionally 
if  Che  -lOO^F.  refrigeration  system  failed  Co  keep  Che  B2Hg  accumulator 
below  -70*F.  As  mentioned  earlier,  its  original  1/2  inch  InCalox  saddles 
were  replaced  midway  in  Che  operating  period  with  1/4  inch  metal  Raschig 
rings.  No  important  changes  were  noted. 

The  column  usually  operated  at  a  higher  temperature  Chan  design, 
at  0  Co  -lO'F.,  rather  Chan  Che  -25  Co  -40*F.  intended.  This  was  strictly 
a  refrigeration  problem  and  could  be  corrected  by  installing  a  -20*F. 
exchanger  in  Che  absorbent  line  prior  Co  Che  existing  -50*F.  exchanger 
t  lB-2 1) . 
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D.  Refrigeration 

As  previously  indicated,  many  operating  problems  were  encountered  In 
the  refrigeration  section.  The  performance  of  the  packaged  refrigeration 
unit  proved  to  be  borderline,  particularly  during  the  summer  months. 
Mechanically,  the  refrigeration  unit  was  generally  satisfactory. 

Several  changes  and  additions  based  on  operational  experience  were 
made  to  the  system  during  the  course  of  operations: 

1.  All  three  compressors  were  speeded  up  about  10  to  15  per 
cent  to  Increase  their  capacity.  In  the  case  of  the  -20*F. 
compressor.  It  was  necessary  only  to  change  the  sheaves 
since  sufficient  horsepower  was  available  for  the  Increase 
In  speed.  The  -S0*P.  compressor  motor  was  changed  from  10 
to  15  horsepovrer  snd  the  -lOO^F.  compressor  motor  from  7.5 
to  10  horsepower. 

2.  The  oil  reservoir  capacity  of  the  system  was  doubled  from 
60  to  120  gallons.  This  was  required  due  to  the  large 
pick-up  of  oil  by  the  refrigerant  and  failure  of  the  oil 
regenerator  to  operate  satisfactorily. 

3.  Additional  high  pressure  storage  capacity  was  added  to  hold 
refrigerant  during  pumpdown.  These  tanks  were  barely 
adequate  to  hold  the  refrigerant  required  for  operation. 

With  the  pick-up  of  60  to  70  gallons  of  oil  In  the  course 
of  s  run,  these  tanks  could  not  hold  the  refrlgerant-oll 
mixture  during  recovery  operations,  and  caused  the  -20*F. 
compressor  to  cut  out  due  to  high  discharge  pressure. 

4.  An  additional  -20’*F.  hest  exchanger  (lB-23)  was  added  to 
precool  absorbent  to  the  secondary  absorber  (lC-2).  This 
addition  was  necessary  to  remove  some  of  the  load  from  the 
-50'’F.  compressor  and  provide  a  colder  absorbent. 

5.  A  high  pressure  refrigerant  feed  line  was  added  to  the  HCl 
column  condenser  to  provide  a  temporary  refrigerant  supply 
In  the  event  the  refrigerant  pump  (5G-2)  did  not  have  a 
sufficient  head  to  pump  refrigerant  to  this  exchanger. 

6.  Suction  off  the  pump  tank  (5C-2)  wss  changed  from  the  -50. F. 
compressor  to  the  -20°F.  compressor  to  further  reduce  the 
load  on  the  -50°F.  compressor. 

7.  Several  improvements  In  insulation  and  the  amount  of 
tracing  or  Jacketing  were  made  to  better  control  process 
temperatures. 
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One  of  Che  first  problems  encountered  wss  Che  csrry-over  of  liquid  to  « 

Che  -20*F.  compressor  during  sCsrC-up.  This  problem  wss  eliminated  by  Che 
sddiCion  of  s  hand  valve  between  Che  -20*F.  sccumulstor  and  Che  pump  tank 
(5C-2)  so  Chat  refrigerant  would  not  flow  backward  between  these  two  tanks 
and  overflow  Che  -20‘‘F.  accumulator.  This  reverse  flow  only  occurred 
during  start-up  when  Che  -20*F.  compressor  wss  running  prior  to  operation 
of  Che  -SO^F.  compressor. 

The  pick-up  of  oil  by  the  R-22  refrigerant  was  much  greater  Chan 
expected.  A  2500  pound  charge  of  R-22  would  pick  up  approximately  65  gal¬ 
lons  of  Capella  C  oil  during  five  days  of  operation.  This  oil  is  heavier 
Chan  intended  for  this  service,  and  while  consumption  wss  less  than 
lighter  oils  originally  used,  Che  presence  of  this  oil  in  the  refrigerant 
caused  operating  problems  in  Che  various  evaporators.  Much  of  the  refri¬ 
geration  problem  caused  by  oil  in  Che  system  was  due  Co  the  failure  of  the 
oil  regenerator  Co  effectively  separate  oil  and  refrigerant  continuously. 

To  distribute  Che  circulating  refrigerant  Co  Che  various  heat  exchangers 
in  Che  -20*F.  and  -50*F.  systems,  it  was  necessary  to  hand  throttle  the 
various  feed  valves.  These  valves  would  become  oil  bound  and  stop  feeding 
refrigerant.  This  caused  processing  problems  which  had  Co  be  corrected  by 
opening  Che  valves  wide  Co  flush  out  Che  oil  and  resetting  the  valve. 

Problems  with  this  oil  were  more  severe  in  the  -100*F.  system  ss  the  amount 
of  refrigerant  fed  to  evaporators  was  only  that  required  by  Che  best  load. 

Evsporstlon  of  Che  refrigerant  left  Che  oil  which  as  -100*F.  wss  very  vis¬ 
cous.  This  interfered  with  heat  exchange,  caused  control  valves  to  underfeed 
and  overfeed  refrigerant,  and  the  Chick  oil  could  suddenly  close  Che  suction  * 

line  to  the  -100*’F.  compressor  causing  s  heavy  loss  of  -100*F.  refrigeration 
at  a  critical  point  in  Che  process.  This  problem  usually  occurred  after  4 
Co  5  days  of  operation. 

While  the  refrigeration  system  contributed  more  operational  problems 
Chan  had  been  anticipated,  these  were  not  insurmountable  and  did  uncover 
sensitive  areas  which  would  require  careful  consideration  in  s  large  scale 
plant  design.  Again,  all  Che  problems  were  physical  ones  which  csn  be 
overcome  through  proper  selection  snd  siting  of  equipment. 

E.  Mechanical  Operation 

Obviously  good  mechanical  reliability  is  essential  Co  Che  successful 
operation  of  any  plant.  This  was  certainly  true  in  the  pilot  plant  where 
good  performance  was  required  of  a  number  of  equipment  items  in  order  for 
Che  B2Hg  plant  as  a  whole  to  function  satisfactorily.  For  example,  there 
were  eight  pumps  and  seven  compressors  (including  refrigeration  and  utili¬ 
ties),  each  of  which  was  vital,  in  addition  Co  several  control  systems  and 
safety  devices.  Depending  on  the  Judgment  exercised,  a  list  of  30  to  100 
critical  items  csn  be  compiled,  not  including  such  items  as  motors,  starters, 
columns  snd  exchangers  which  have  either  no  moving  parts  or  sn  unquestionably 
high  order  of  reliability.  The  expression  relating  Che  aggregate  relia¬ 
bility  (R)  to  Chose  of  Che  individual  members  (r),  assuming  Che  latter  to  be  * 

equal,  is 

R  -  (r)" 
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where  R  and  r  are  expressed  as  decimal  fractions  and  n  is  the  nuiid>er  of  items 
in  the  aggregate.  A  few  samples  follow: 


Individual  Aggregate  Reliability 
Reliability  30  Items  100  Items 


90. OX  4.4X  0.0026X 

99. OX  74.0X  36. 6X 

99. 5X  86. OX  60. 6X 

99. 9X  97. 2X  90. 5X 


In  view  of  these  facts,  it  is  not  surprising  that  the  pilot  plant  some* 
times  encountered  difficult  operation  from  a  mechanical  standpoint  with  a 
consequent  lowering  of  product  purity  and  yield.  In  s  large  scale  plant, 
however,  spare  units  would  be  provided  for  the  particularly  vital  and 
vulnerable  elements;  thus  the  aggregate  mechanical  reliability  would  be 
tremendously  improved.  Considering  only  the  fifteen  pumps  and  compressors 
mentioned  above,  the  effect  of  sparing  equipment  is  as  follows,  again 
assuming  equal  reliabilities  for  all  units: 


Individual  Aggregate  Reliability.  15  Items 
Reliability  Ho.  Soared  All 


90X  20. 5X  74.0X 

99X  86. OX  99.85X 


In  summary,  the  mechanical  relisbility  of  the  various  equipment  items 
in  the  pilot  plant  was  probably  as  good  ss  expected.  Even  a  99  per  cent 
reliability  for  individual  items  would  cause  intermittent  and  sometimes 
inefficient  operation  typical  of  the  pilot  plant  experience.  However, 
proper  sparing  of  critical  items  in  a  large  scale  plant  would  avoid  undue 
difficulties. 

Closely  akin  to  the  matter  of  mechanical  equipment  is  the  subject  of 
leaks.  Despite  an  elaborate  initial  test  program,  some  leaks  developed 
in  the  first  test  runs  as  the  full  range  of  operating  temperstures  was 
attained  (-100”F.  to  4-  1300*F.).  Some  were  so  small  as  to  be  negligible 
in  an  ordinary  chemical  plant;  all  were  corrected,  however,  because  of  the 
hazardous  nature  of  the  process  materials.  As  pilot  plant  operations  con* 
tinned,  it  wss  necessary  to  keep  an  active  program  devoted  to  the  correction 
of  leaks  which  occasionally  developed  as  well  as  to  repair  insulation 
damaged  in  finding  the  leaks. 

The  leaks  fell  into  one  of  three  general  classifications:  (1)  process 
piping  leaks;  (2)  leaking  valves;  and  (3)  leaks  along  moving  shafts.  Host 
of  the  process  piping  leaks  were  associated  with  lines  which  were  slter* 
nately  chilled  and  warmed  up  to  ambient  as  the  result  of  the  intermittent 
nature  of  the  pilot  plant  operating  schedule.  Some  developed  when  equip* 
ment  was  removed  and  then  reinstalled  after  cleaning  or  maintenance,  or 
when  alterations  were  made.  The  practice  of  silver  soldering  tubing  and 
screwed  fittings  proved  to  be  quite  satisfactory. 
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Valve  leaks  also  occurred  principally  in  refrigerated  service.  The 
Jamesbury  ball  valves  originally  installed  frequently  developed  stem  leaks 
when  operated  at  -50*F.  or  below,  and  these  valves  had  no  provision  for 
tightening  the  stem  packing.  When  these  valves  were  in  a  cold  B2Hg  line, 
small  fires  or  minor  explosions  would  result  from  the  leakage.  Kerotest 
globe  valves  having  a  diaphragm  (packless)  stem  seal  were  selected  as 
replacements  in  the  B2Hg  lines.  Operating  experience,  however,  uncovered 
these  shortcomings  of  the  Kerotest  valves: 

1.  The  diaphragms  sometimes  cracked,  permitting  B2Hg  to 
escape. 

2.  Operators  could  not  tell  readily  when  a  valve  was  open 
or  closed.  There  was  always  a  tendency  to  shut  off 
these  small  valves  with  excessive  force,  even  to  the 
extent  of  breaking  off  the  extension  handle,  with  the 
consequence  that  reopening  was  difficult. 

3.  Insulation  mastic  sometimes  got  on  the  threads  of  the 
valve  stem,  making  the  valve  hard  to  operate  at  low 
temperatures. 

4.  Shut  off  was  not  positive.  Undoubtedly  the  Teflon 
seat  inserts  were  sometimes  damaged  by  excessive  shut 
off  forces. 

The  failures  of  these  valves  to  provide  a  tight  shut  off  caused  a 
serious  explosion  and  fire  during  Run  10.  This  incident  will  be  discussed 
under  Safety. 

At  that  time,  a  survey  was  made  of  valves  likely  to  be  satisfactory 
in  this  difficult  application.  In  addition  to  performance,  important 
factors  considered  were  fast  delivery  and  cost.  Two  types  of  valves  were 
chosen  as  most  suitable:  (1)  Powell  bellows-seal  globe  valves  and  (2) 
standard  bonnet  Pacific  ball  valves  incorporating  a  good  adjustable  stem 
seal.  Both  valves  proved  satisfactory  for  liquid  B2Hg  service.  Later, 
two  extended  bonnet  Pacific  ball  valves  were  tested  in  the  same  service 
and  were  found  to  be  better  than  the  standard  bonnet  valves. 

Leaks  along  moving  shafts  were  troublesome  in  the  first  several  months 
of  operation.  In  particular,  gas  leakage  along  the  reciprocating  shaft  of 
the  Worthington  recycle  H2  compressor  (lK-1)  and  BCI3  leakage  through  the 
mechanical  seal  on  the  shaft  of  the  Duriron  prefractionator  bottoms  pump 
(lG-3)  required  considerable  attention.  On  the  former  unit,  leakage  was 
negligible  with  fresh  carbon  ring  packing,  but  the  rate  increased  as  boric 
oxide  (or  boric  acid)  was  formed  by  hydrolysis  of  the  trace  amounts  of 
BCI3  present  in  the  recycle  gas  when  it  contacted  moisture  in  the  air. 

This  problem  was  solved  by  keeping  a  N2  purge  through  the  distance  piece 
immediately  behind  the  packing.  Formation  of  solids  was  thereby  avoided 
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in  the  vicinity  of  the  packing,  and  the  close  fit  between  the  carbon  rings 
and  shaft  was  maintained.  Leakage  could  not  be  reduced  to  zero  of  course, 
but  it  was  held  at  an  acceptably  low  level  and  piped  to  the  destructive 
scrubber. 

The  shaft  seal  leakage  on  the  pump  was  essentially  corrected  through 
a  combination  of  measures:  cooling  and  filtering  the  seal  flushing  liquor, 
providing  a  cooled  bypass  on  the  pump  to  permit  a  high  pumping  rate  which 
minimized  shaft  deflection,  and  using  a  tungsten  carbide  seal  ring.  Again, 
leakage  was  not  always  zero,  but  it  was  kept  at  a  low  level. 

Another  approach  to  this  problem  was  the  use  of  a  canned  pump.  An 
Allls-Chalmers  Electri-Cond  pump,  evaluated  in  place  of  the  Duriron  (1G~3), 
performed  very  well  initially  but  developed  bearing  trouble,  a  somewhat 
anticipated  fault.  Later  a  leak  into  the  stator  windings  developed  as  the 
result  of  a  gasket  failure,  causing  serious  damage. 


IL _ Safety 

No  single  item  received  more  attention  during  the  design  and  opera~ 
tlon  of  the  pilot  plant  than  the  general  problem  of  safety.  As  previously 
detailed,  all  equipment  was  designed,  constructed,  and  Installed  in  con¬ 
formance  to  applicable  codes  and  atandards,  as  well  as  state  and  local 
laws.  All  safety  aspects  of  the  program  were  stressed  during  the  pilot 
plant  personnel  training  program  presented  prior  to  start-up.  Periodic 
safety  training  sessions  were  held  during  operation  of  the  pilot  plant  and 
safe  operation  was  stressed  at  all  times.  These  efforts  resulted  in  good 
safety  performance. 

One  serious  accident  did  occur,  however.  The  pilot  plant  had  been  shut 
down  after  Run  9  to  repack  the  primary  and  secondary  absorbers  (lC-1,  lC-2) 
to  modify  the  pyrolysis  plant,  and  to  Install  additional  aafety  barricades 
around  the  B2Hg  storage  tanks.  On  August  3,  the  B2H£  plant  was  started  up 
for  Run  10.  On  August  7,  a  plug  was  noted  in  the  reilux  return  line  of 
the  dlsproportlonator  column  (lC-4).  The  line  was  isolated  by  Valves  A, 

B,  C  and  0  (Figure  62).  These  valves  were  all  Kerotest  diaphragm  globe 
valves.  The  Isolated  line  was  evacuated  and  purged  from  both  top  and 
bottom.  The  suction  side  of  the  pump  (lG-3)  was  also  evacuated  and  purged. 
The  reflux  return  line  was  then  opened  at  Points,  1,  2,  3  and  4  to  deter¬ 
mine  the  location  of  the  plug.  This  line  was  traced  by  -100*F.  refrigera¬ 
tion.  The  refrigeration  was  shut  off  after  the  lines  were  opened  and 
purged  with  N2.  A  foreign  liquor  was  noted  in  these  lines  and  plugs  were 
found  in  several  sections.  These  plugs  disappeared  as  the  line  warmed, 
permitting  free  passage  of  the  N2  purge  gas.  Nitrogen  waa  then  blown  from 
the  suction  side  of  the  B2Hg  pump  (lG-3)  to  the  discharge  side  and  vented 
out  of  the  quick  disconnect  fitting  in  this  area.  A  liquid  discharge  of 
alcohol  was  observed.  The  B2Hg  pump  was  a  Lapp  Pulsafeeder  pump  with 
remote  head  located  in  a  refrigerated  pot  containing  methanol  as  the  heat 
transfer  fluid. 
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Two  maintenance  men  Chen  began  Co  open  Che  refrigerated  pot.  At  this 
Clme^  Che  liquid  B2Hg  started  to  leak  from  Point  4  (Figure  62)  and  BoH^ 
gas  out  of  Point  3.  Apparently  Valve  C  failed  or  had  previously  failed 
and  a  plug  In  Che  short  section  of  Che  line  between  Valve  C  and  Che  tee 
Into  reflux  return  line  gave  way,  allowing  Che  contents  of  Che  dispropor¬ 
tionation  column  (lC-4)  Co  escape  Co  Che  atmosphere.  Failure  of  Che  B2Hg 
Co  Ignite  Instantaneously  on  escape  permitted  an  explosive  B2H5  vapor  cloud 
Co  form  before  Ignition.  Blast  damage  resulted  from  Che  ensuing  explosion. 
The  Ignition  delay,  however,  did  permit  personnel  time  Co  leave  Che  area. 
All  personnel  were  out  of  Che  area  with  Che  exception  of  one  maintenance 
man  who  was  approximately  ten  yards  from  Che  leak  at  Che  time  of  Che  explo¬ 
sion.  He  suffered  a  ruptured  ear  drum  and  concussion  abrasions.  Incurring 
Che  only  lost  time  Injury  over  the  year  and  a  half  of  Che  B2Hg  plant's 
operation. 

The  fire  was  Imnedlately  confined  and  was  under  control  within  twenty 
minutes.  However,  a  small  Jet  flame  about  four  Inches  long  continued  at 
Che  point  of  Che  Initial  leak  for  about  five  hours  afterward  before  It 
could  be  sealed  off. 

Subsequent  examination  of  Che  B2Hg  pump  (lG-5)  revealed  a  corrosion 
failure  of  Che  suction  line  adjacent  to  Che  remote  head  located  In  Che 
chilled  alcohol  bath.  The  corroded  line  (type  304  SS)  Involved  and  Che 
fitting  (type  316  SS)  which  connects  to  the  remote  head  are  shown  In  Figure 
63.  Apparently  Che  pump  had  discharged  alcohol  Into  Che  reflux  piping. 
Interaction  of  Che  methanol  with  B2H5  and  BCI3  formed  products  which  were 
solids  at  the  temperature  of  Che  refrigerated  line,  but  melted  after 
refrigeration  had  been  turned  off.  Trlmethyl  borate,  one  possible  product, 
has  a  melting  point  of  -29*F.  and  could  have  produced  Che  series  of 
occurrences  observed. 

The  corrective  actions  taken  were  (1)  replacement  of  all  Kerotest  dia¬ 
phragm  valves  with  Pacific  ball  valves  or  Powell  bellows-seal  valves,  (2) 
providing  two  valves  for  double  shut  off  at  critical  locations,  and  (3) 
replacement  of  Che  methanol  In  Che  refrigerated  pump  pot  with  less  corro¬ 
sive  mineral  spirits.  Immiscible  with  water.  , 


VII.  Analytical  Support 

The  sampling  and  analysis  of  Che  pilot  plant  streams  presented  dif¬ 
ficulties  due  primarily  Co  Che  Instability  of  the  process  materials  In  Che 
presence  of  air.  Olborane  and  dlchloroborane  burned  or  exploded  on  contact 
with  air;  boron  trichloride  reacted  with  moisture  Co  give  HCl  and  boric 
oxide.  Therefore  It  was  necessary  Co  use  special  sample  containers  and 
high  vacuum  systems  for  all  sample  manipulations.  Since  nearly  every 
material  encountered  In  Che  process  was  toxic  and  a  few  were  explosive, 
constant  alertness  was  required  on  Che  part  of  Che  analysts. 


1 
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Figure  62,  Piping  Drawing  for  Dlsproportlonator  Reflux  System 
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DIBORANE  PROCESS.  CORRODED  PROCESS  SUCTION 
LINE  TO  REMOTE  PUMP  HEAD,  PRIMARY  CAUSE  OF 
EVENTS  LEADING  TO  FIRE  AND  EXPLOSION 
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Adding  Co  Che  analyClcal  problems  was  Che  face  chaC  boron  hydride 
chemlsCry  was  a  raCher  new  field  which  made  1C  necessary  Co  develop  many 
of  Che  procedures  used,  i-rlor  Co  operaClon,  considerable  efforC  was 
spenC  In  developing  applicable  procedures.  MosC  of  Che  componenCs  which 
required  repeaCed  rouClne  analysis  could  be  deCermlned  by  Infrared  spec- 
CrophoComeCry.  Using  purified  maCerlals,  Infrared  callbraClon  curves  were 
obCalned  for  carbon  Cetrachlorlde,  phosgene,  boron  Crlchlorlde  and  dlborane. 

A  callbraCed  curve  was  also  obCalned  for  dlchloroborane  alChough  Chls 
presenCed  a  problem  since  dlchloroborane  cannoC  be  obCalned  In  Che  pure 
sCaCe.  The  dlchloroborane  used  for  making  Che  callbraClon  curve  was  pre¬ 
pared  by  mixing  abouC  100  mn.  pressure  of  B2H5  and  100  mm.  of  BCI3  In  a 
previously  evacuaCed  glass  bulb  and  allowing  1C  Co  sCand  a  week  aC  room 
CemperaCure.  During  Chls  InCerval,  Che  following  reacClon  Cook  place  Co 
some  exCenC: 

4BCI3  +  B2Hg  ■— ^6BHCl2 

The  callbraClon  curve  for  dlchloroborane  was  obCalned  using  Chls  mlxCure 
of  B2Hg,  BCI3  and  DCB.  The  mole  per  cenC  BCI3  and  B2Hg  presenC  were  deCer¬ 
mlned  using  previously  obCalned  curves  for  Chese  compounds.  The  mole  per 
cenc  DCB  was  Chen  Che  difference  beCween  100  per  cenC  and  Che  sum  of  Che 
percenCage  of  B2Hg  and  BCI3. 

AfCer  plloC  plane  operaClons  began,  Chree  unldenClfled  peaks  aC  6.28, 
7.22  and  11.75  microns  were  noCed  during  Infrared  analysis  of  rouClne 
samples.  The  peaks  aC  6.28  microns  and  11.75  microns  were  seen  only 
occasionally  and  were  seldom  of  any  greaC  magnlCude.  However,  Che  peak  aC 
7.22  microns  was  always  presenC  and  varied  greaCly  In  size,  Che  peak  bi>lng 
much  more  promlnenC  In  BCI3  poC  boCCom  samples  Chan  In  Che  dlscllled 
maCerlal.  All  llCeraCure  references  considered  chls  peak  Co  be  one  of  a 
closely  grouped  sec  of  Chree  BCI3  peaks.  However,  1C  was  noCed  ChaC  Che 
flrsC  Cwo  BCI3  peaks  (6.82  and  7.00  microns)  remained  consCanC  for  samples 
of  Che  same  size  while  Che  Chlrd  peak  (7.22  microns)  varied  greaCly 
depending  upon  Che  source  of  Che  sample.  The  posslblllCy  of  chls  being 
Crlboronoxychlorlde  was  InvesClgaCed.  Boric  oxide  was  added  Co  BCI3  and 
allowed  Co  sCand  for  several  days  aC  room  CemperaCure.  Infrared  examlna- 
Clon  showed  no  Increase  In  Che  7.22  micron  peaks  under  Chese  CesC  condlClohs. 
The  samples  (In  sCeel  cylinders)  were  Chen  heaCed  In  boiling  waCer  for  15 
mlnuCes  and  allowed  Co  sCand  overnlghC  aC  room  CemperaCure.  Infrared 
exaralnaClon  of  Che  sasqsles  afCer  Chls  CreaCmenC  did  show  a  decided  Increase 
In  Che  7.22  micron  absorbance  peaks  and  furChermore,  Che  Increase  was  pro- 
porClonal  Co  Che  amounC  of  boric  oxide  added.  This  made  possible  a 
callbraClon  curve  for  Che  welghc  per  cenC  of  boric  oxide  In  BCI3.  The 
procedure  was  repeaCed  wlCh  dlsCllled  waCer  being  added  raCher  Chan  boric 
oxide.  The  resulCs  were  essenClally  Che  same  In  boCh  cases  since  waCer 
reaeCs  wlCh  BCl.  Co  provide  Che  needed  boric  oxide.  From  Chls  polnC  on, 

Che  welghc  per  cenC  boric  oxide  In  BCI3  was  rouClnely  deCermlned  on  cerCaln 
samples  (primary  absorber  boCComs,  prefracClonaCor  boCComs,  HCl  fracClonaCor 
boCComs,  and  reacCor  ef f luenC) . 
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The  determination  of  small  amounts  of  HCl  In  the  presence  of  BCl^ 
was  unsatisfactory.  The  Infrared  absorption  peaks  were  too  weak  to  be 
useful  unless  HCl  were  present  to  the  extent  of  20  mole  per  cent  or  better. 
Even  at  these  higher  concentrations,  results  were  never  too  accurate 
because  of  the  extremely  large  factor  employed  (weak  absorption  necessi¬ 
tates  a  large  factor).  Also,  attempts  to  determine  the  HCl  content  of 
BCI3  by  hydrolyzing  the  BCI3  and  determining  the  chloride  to  boron  ratio 
were  not  entirely  successful.  Attempts  to  separate  HCl  from  BCI3  by  gas- 
llquld  chromatography  were  unsuccessful  even  though  a  number  of  column 
materials  and  operating  conditions  were  Investigated. 

Since  all  BCI3  feed  material  required  analysis  for  silicon  and  free 
chlorine,  procedures  were  developed  for  these  analyses.  Before  the  BCI3 
could  be  analyzed  for  these  components,  a  hydrolysis  was  necessary.  A 
special  apparatus  was  constructed  to  effect  a  liquid  transfer  under  vacuum 
from  the  sample  cylinder  to  a  weighed  reaction  tube.  Extreme  caution  was 
exercised  In  the  weighing  and  hydrolysis  of  the  BCI3.  Once  hydrolyzed, 
the  chlorine  and  silicon  were  determined  colorlmetrlcally  using  modifica¬ 
tions  of  the  o-tolldlne  and  slllcomolybdlc  acid  methods,  respectively. 

By  hydrolyzing  a  dlborane  sample  In  an  alcohol-sodium  hydroxide  solu¬ 
tion  and  titrating  the  chloride  by  the  Volhard  method,  HCl  In  B2Hg  was 
determined.  Infrared  methods  could  not  be  used  because  of  the  previously 
mentioned  weakness  of  the  HCl  absorption  peaks.  Also,  these  peaks  were 
partially  obfuscated  by  the  3.83  micron  B2H5  peak. 

Table  59  lists  the  points  sampled  during  routine  operations,  the 
components  sought  and  the  normal  method  of  analysis.  As  shown,  the  majority 
of  samples  were  analyzed  by  Infrared  absorption  spectrophotometry  using  a 
Beckman  IR-A  Spectrophotometer.  Both  liquid  and  gas  samples  were  analyzed  . 
by  Infrared  methods  for  dlborane  (B2H5),  dlchloroborane  (BHCI2),  boron 
trichloride  (BCI3),  trlboronoxychlorlde  (B3O3CI3),  and  hydrogen  chloride 
(HCl),  the  latter  only  If  present  to  the  extent  of  about  20  mole  per  cent 
or  better.  Also,  BCI3  fractionator  column  bottoms  and  tops  were  analyzed 
by  Infrared  methods  for  phosgene  (COCI2)  and  carbon  tetrachloride  (CCI4). 
Table  60  lists  the  components  determined  by  Infrared  and  the  wavelengths 
In  microns  of  the  absorption  peaks  used  In  the  calculations. 
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» 

TABLB  60 

« 

Infrared  Abaorotton  Peake  Used  for  Celculet^on 


Comoonent 

Wavelenath  (microns) 

BCl^  (high  cone.) 

5.22 

BCl^  (low  cone.) 

10.06 

BHCI2 

9.12 

B2Hg  (high  cone.) 

5.32 

^2^6  cone.) 

6.23 

B3O3CI3 

7.22 

HCl 

3.38 

COCI2 

11.77 

CCI4 

12.56 

The  deCermlnaClon  of  HCl  in  B2Hg  product  by  hydrolysis  and  wet  methods 
proved  a  very  reliable  procedure  as  were  the  colorimetric  procedures  for 
silicon  and  chlorine. 

After  sampling  and  analytical  procedures  had  been  developed,  an  Inten¬ 
sive  training  program  for  all  analytical  personnel  was  provided.  The 
following  subjects  were  Included:  general  background  of  the  project,  the 
chemistry  of  the  AFN  process,  the  nature  of  the  materials  to  be  encountered, 
safety  aspects,  plant  operation,  sampling  techniques  and  equipment,  and 
analytical  procedures.  Much  of  the  later  success  of  the  analytical  program 
can  be  attributed  to  this  very  thorough  Initial  training  program.  Inter- 
Bilttent  pilot  plant  operations  allowed  time  for  various  non-routine 
analytical  tasks  and  equipment  repair. 

During  one  shutdown  period,  an  Investigation  was  made  of  the  possi¬ 
bilities  of  separating  BCI3  from  phosgene  by  treatment  with  two  solid 
absorbing  agents,  activated  charcoal  and  Linde  Molecular  Sieve.  Neither 
reduced  the  phosgene  level. 

The  possibility  of  reaction  of  phosgene  with  B2Hg  was  also  Investigated 
by  placing  one  mmole  BCI3  containing  0.11  per  cent  phosgene  In  a  SOO  cc. 
stainless  steel  cylinder  containing  one  nmole  B2Hg  and  holding  at  45*C  for 
17  hours.  Infrared  analysis  showed  no  significant  change  In  phosgene  and 
no  new  peaks  except  the  expected  dlchloroborane  peaks  resulting  from  the 
reaction  of  BCI3  and  B2Hg. 

Another  time,  a  method  was  developed  for  the  estimation  of  boron- 
hydrogen  bonding  In  polymeric  materials.  The  method  was  based  on  the 
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infrared  absorption  at  3.8  microns  due  to  boron- hydrogen  bonding.  The  * 

absorbance  was  used  to  determine  the  equivalent  weight  of  decaborane  that 
would  absorb  to  the  same  extent.  Assu^ng  (1)  that  the  absorbance  per 
boron-hydrogen  bond  In  polymer  Is  the  same  as  for  decaborane 

(BiqHi^),  and  (2)  that  the  nusdier  of  boron- hydrogen  bonds  per  unit  weight 
Is  essentially  the  same  for  polymer  as  for  decaborane,  then  the  amount  of 
polymer  In  the  solid  sample  could  be  estimated.  Various  weights  of  deca¬ 
borane  were  mixed  with  potassium  bromide,  pelletized  and  IR  spectra 
obtained.  The  absorbance  of  the  3.8  micron  peak  was  calculated  for  each 
sample.  The  boron- hydrogen  bonding  solids  could  then  be  estimated  by 
mixing  a  known  weight  of  the  solid  with  the  same  weight  of  potassium  bro¬ 
mide  as  was  used  In  preparing  the  standard  curves  for  decaborane.  The 
mixture  was  pelletized  and  an  IR  spectrum  obtained.  The  milligram  equi¬ 
valent  of  decaborane  was  determined  from  the  absorbance  with  the  aid  of 
the  curve.  The  results  were  considered  as  estimates  of  the  degree  of 
boron- hydrogen  bonding  In  samples.  The  potassium  bromide  pelleting 
technique  Itself  plus  the  unstable  nature  of  some  of  the  samples  precluded 
highly  precise  results. 

Other  special  tests  and  analyses  were  carried  out.  Including  testing 
of  hoses,  lubricants,  etc.  for  resistance  to  BCI3  and  the  boron  hydrides; 
obtaining  freezing  points  and  IR  spectra  of  various  materials;  analyzing 
polymer  for  boron  and  chloride;  checking  calibration  curves,  etc. 

Detailed  descriptions  of  the  analytical  methods,  sampling  procedures, 
apparatus  and  equipment  can  be  found  In  Appendix  L. 
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Analytical  Procedurea 


PREPILOT  PLAWr  -  SODIUM  ROUTS 


I.  Chemical  Methods 

A.  Determination  of  Alkalinity.  Total  Boron. 

and  Sodium  Chloride  In  Anaul  Ether~NaBH4 

Feed  and  Spent  Solutlona  and  Filter  CaRea 

General  Dlacuaalon 

Total  alkalinity  and  total  boron  are  determined  by  converting 
the  aodlum  borohydrlde  and  other  compounda  In  aamplea  for  the  feed  or 
apent  stream  of  the  dlborane  generator  to  sodium  hydroxide  and  boric  acld^ 
l.e. 

NaBH^  +  4H0H - -  H3BO3  +  NaOH  +  4H2 

BjjHy  +  yHOH - -XH3BO3  +  yH2 

The  alkalinity  may  be  titrated  with  standard  acid  while  the 
boric  acid  In  the  presence  of  mannitol  may  be  titrated  with  standard  base. 
The  chloride  present  Is  titrated  with  standard  silver  nitrate  solution  to 
a  silver  chromate  endpoint. 

Reagents 

0. 1  N  standard  hydrochloric  acid 
0.1  £  standard  sodium  hydroxide 
0.1  N  silver  nitrate 
Methyl  red  Indicator 
Phenolphthaleln  Indicator 
Reagent  grade  mannitol 
1%  sodium  chromate  solution 

Sample  Preparation 

Weigh  5  to  6  grams  sample  Into  a  100  ml.  volumetric  flask,  add 
50  ml.  water  and  swirl;  allow  the  sample  to  stand  until  all  gas  evolution 
has  ceased  and  all  solid  material  Is  dissolved.  Dilute  to  mark. 
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Alkalinity  and  Boron 

Pipette  duplicate  10  ml.  allquota  of  the  prepared  sample  solution 
Into  250  ml.  Erlenmeyer  flasks  containing  50  ml.  of  water.  Add  5  drops  of 
methyl  red  and  over-’tltrate  the  alkalinity  present  In  the  sample  to  an 
excess  of  5  ml.  of  N/10  hydrochloric  acid.  Heat  the  samples  and  allow  to 
boll  for  not  more  than  one  minute^  cool,  and  back-tltrate  the  excess  acid 
with  N/10  sodium  hydroxide.  Record  the  net  volume  of  acid  used  as  the 
alkalinity  value. 

Add  8  drops  of  phenolphthaleln  and  add  a  voluise  of  N/10  sodium 
hydroxide  calculated  to  be  a  slight  excess.  Heat  the  solutions  and  boll 
for  one  minute;  cool  to  room  temperature,  add  6~8  grams  of  reagent  grade 
mannitol  and  titrate  with  N/10  hydrochloric  acid  to  a  neutral  phenol¬ 
phthaleln  endpoint.  Record  the  net  volume  of  sodium  hydroxide  used  as 
the  boric  acid  acidity  value. 

Calculations 

■Cql.  Hg.l)(N  ngl)  .  meq./gm.  alkalinity 
Sample  Wt./lO  t  o- 

(ml.  .Maffl)(NJ<aOH)  -  %  total  boron 

Sample  Wt./lO 

Sodium  Chloride 

Pipette  duplicate  10  ml.  aliquots  of  prepared  sample  solution 
Into  250  ml.  Erlenmeyer  flasks  containing  50  ml.  of  water.  Add  one  ml. 
concentrated  nitric  acid  and  heat  the  sample  solutions  to  boiling.  Allow 
the  solutions  to  boll  for  five  minutes,  cool  and  neutralize  the  excess 
acid  with  calcium  carbonate.  Add  ten  drops  of  sodium  chromate  and 
titrate  to  the  first  silver  chromate  color  change  (brick  red).  Record 
the  volume  of  N/10  silver  nitrate  used.  Run  a  titration  on  the  reagents 
used,  correct  the  sample  titration  for  any  reagent  black. 

Calculations 

(ml.  AgNOiXN  AgNOa)  5.845  _  ^ 

Sample  Ht./lO 
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B.  Determlnatton  of  Boron  In  Soluble  Borates 

General  Dlgcueelon 

The  addition  of  mannitol  to  a  neutral^  unbuffered  solution  of  borates 
causes  the  solution  to  become  acid.  The  quantity  of  standard  alkali 
required  to  titrate  the  solution  back  to  a  phenolphthaleln  endpoint  is  an 
accurate  measure  of  the  boron  present. 

Sample  Preparation 

This  procedure  may  be  used  to  determine  boron  in  samples  from  any  pro¬ 
duct  In  which  the  boron  can  be  converted  to  a  soluble  borate.  After 
conversion  of  the  boron  to  a  borate, the  procedure  may  be  followed  exactly. 

Reagents 

HCL  Standard  0. 1  N 
NaOH  Standard  0.1  jl 

Methyl  red  Indicator,  O.OIX  aqueous  solution 
Phenolphthaleln  Indicator,  IX  In  70X  Ethanol 
<  Mannitol,  reagent  grade 

Procedure 

• 

Transfer  an  aliquot  of  the  solution  to  be  analyzed  to  a  250  ml.  narrow 
mouth  Erlenmeyer.  Adjust  the  pH  to  the  methyl  red  neutral  point  or  to  a 
pH  of  5.3  If  a  pH  meter  Is  available,  with  N/lO  NaOH  or  N/10  HCl,  then  add 
5  ml.  HCl  In  excess.  Add  a  few  glass  beads  and  boll  for  three  minutes  to 
expel  CO2,  cool  and  neutralize  again  to  the  methyl  red  neutral  point  or  to 
a  pH  of  5.3  with  N/10  NaOH.  Add  6-8  grams  of  mannitol,  10  drops  of  phenol¬ 
phthaleln  Indicator  and  titrate  with  N/10  NaOH  to  the  first  phenolphthaleln 

coloration  or  to  a  pH  of  8.0  and  record  the  titration.  Run  a  blank 
with  the  reagents  alone  following  the  above  procedure  and  correct  the 
titration  for  the  reagent  blank. 

Calculations 

(ml.  NaOHKN  of  NaOH) (1.082)  _  ^ 

Sample  Ht. 

Conments 

It  Is  Important  that  all  boron  In  the  sample  be  In  the  form  of  soluble 
borate.  Otherwise  low  results  will  be  obtained.  If  boron  Is  present  In 
other  forms.  It  must  be  converted  to  soluble  borate  before  titration.  In 
the  case  of  T-8  caustic  scrubber  solutions,  this  Is  best  done  by  heating 
*  with  nitric  and  perchloric  acids. 
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C.  Determination  of  Boron  and 
Carbon  In  Boron  Carbide 

General  Dtacuaalon 

Boron  In  boron  carbide  la  determined  by  converting  the  boron  to  a 
aoluble  aodlum  borate  by  fualon  In  a  mixture  of  aodlum  carbonate  and  aodlum 
nitrate.  The  aodlum  borate  la  converted  to  boric  acid  with  hydrochloric 
acid  and  titrated  with  atandard  aodlum  hydroxide  In  the  preaence  of  mannitol. 
Carbon  In  boron  carbide  la  determined  Indirectly  by  refluxing  with  1:3 
nitric  acldj  weighing  the  residue  and  determining  the  amount  of  boron  In 
the  realdue.  Since  the  residue  consists  of  boron  carbide  plus  free  carbon, 
the  carbon  Is  the  difference  between  the  nitric  acid  Insoluble  residue 
and  the  boron  content  of  the  nitric  acid  Insoluble  residue  corrected  for 
the  amount  of  nitric  acid  soluble  material. 

Sample  Preparation 

Crush  a  representative  sample  of  boron  carbide  to  minus  60  mesh  In  a 
diamond  mortar. 

Determination  of  Boron 

Transfer  0.10  to  0.15  gram  of  sample  to  a  tared  platinum  crucible  and 
weigh  to  the  nearest  0.1  milligram.  Add  approximately  1.5  grams  of  sodium 
carbonate  and  mix  well  with  a  well-rounded,  thin,  dry  glass  rod,  taking 
care  that  no  part  of  the  mixture  adheres  to  the  rod  after  mixing  Is  complete. 
Cover  the  crucible  and  heat  with  a  low,  relatively  cool  flame  of  a  Fisher 
burner  for  approximately  5  minutes,  taking  care  to  avoid  loss  by  splat'jerlng 
or  frothing.  Gradually  Increase  the  heat  to  fuse  the  mixture  and  hold  at 
the  fusion  temperature  for  five  minutes.  Cool.  Add  100  to  200  milligrams 
of  sodium  nitrate,  cover  the  crucible,  and  fuse  for  an  additional  20  minutes. 
Cool  and  dissolve  the  melt  by  placing  the  crucible  and  cover  In  a  covered 
400  ml.  beaker  containing  50  ml.  of  1:1  hydrochloric  acid.  When  digestion 
Is  complete,  remove  and  wash  the  crucible  and  cover,  combining  the  washings 
with  the  solution.  If  the  solution  Is  not  clear,  filter  off  the  solid 
material  and  discard  It. 

Transfer  the  solution  to  a  250  ml.  volumetric  flask  and  dilute  to  the 
mark.  Pipette  a  50  ml.  aliquot  Into  a  250  ml.  Erlenmeyer  flask,  add  3 
drops  of  methyl  red  Indicator  (0.02%  water  soln.  of  water  soluble  methyl 
red)  and  neutralize  the  excess  hydrochloric  acid  with  25%  sodium  hydroxide 
solution. 

(Boron  carbide  may  contain  Iron  or  other  Impurities  which  Interfere 
with  the  mannltol-phenolphthaleln  endpoint.  If  such  Impurities  are  present, 
add  2*3  gms.  barium  carbonate  (Baker  &  Adamson  Reagent  No.  1404)  to  the 
neutralized  aliquot.  Swirl  the  flask  gently  and  allow  the  suspended 
material  to  settle.  Filter  through  a  medium  paper  (Whatman  No.  40,  or  equiva¬ 
lent)  and  wash  thoroughly  with  distilled  water.) 
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«  Adjust  the  pH  to  the  methyl  red  neutral  point  with  N/10  sodium  hydroxide 

or  N/10  hydrochloric  acld^  whichever  Is  necessary,  and  then  add  5  ml.  N/10 
hydrochloric  acid  In  excess.  Add  a  few  glass  beads  and  boll  for  3  minutes 
to  expel  carbon  dioxide,  cool  In  a  water  bath,  and  again  neutralize  to  the 
methyl  red  neutral  point  with  carbon  dioxide  free  N/10  sodium  hydroxide. 

Add  6-10  grams  of  reagent  grade  mannitol,  20  drops  of  phenolphthaleln 
Indicator  and  titrate  with  N/10  sodium  hydroxide  to  the  first  phenolph¬ 
thaleln  pink  coloration.  Record  this  titration  as  the  uncorrected  boron 
titration.  Run  a  blank  with  the  reagents  alone,  following  the  above  pro¬ 
cedure  exactly  and  correct  the  above  titration  for  the  reagent  blank. 

Calculate  the  percent  boron  from  the  corrected  titration  as  follows: 

(ml.  HaOHHN  of  NaOHl (1.082)  . 

weight  of  sample 

Determination  of  Carbon 

Weigh  approximately  0.500  gram  of  sample  to  the  nearest  0.001  gram  and 
transfer  to  a  250  ml.  boiling  flask  equipped  with  a  standard  taper  glass 
connection  and  a  vertical,  water-cooled  reflux  condenser.  Add  100  ml.  of 
25  per  cent  nitric  acid  (1  part  concentrated  nitric  acid  and  3  parts  water 
by  volume).  Swirl  and  allow  to  stand  at  room  temperature  for  approximately 
20  minutes,  and  then  reflux  for  2  hours. 

Cool  and  filter  the  solution  through  a  tared  sintered  glass  crucible 
(fine  porosity).  Wash  the  Insolubles  with  hot  water,  dry  at  llO'^C  for  one 
hour,  and  weigh. 

Calculate  acid  Insoluble  matter  from  the  gain  in  weight  of  the  crucible 
as  follows: 

lArams  „i.n8o.l,ubiej|).{  IgOl  ,  7,  Insolubles 
(grams  sample) 

Transfer  approximately  0.200  gram  of  the  nitric  acid  Insoluble  residue 
to  a  tared  platinum  crucible  and  weigh  to  the  nearest  0.1  milligram.  Deter¬ 
mine  the  per  cent  boron  In  the  residue  by  the  procedure  described  above. 

Calculate  the  per  cent  carbon  from  the  per  cent  nitric  acid  Insoluble 
and  the  per  cent  nitric  acid  Insoluble  boron  as  follows: 

(%  Insol.  -  7.  Insol.  BK?.  Insol.') 

100  "  ^ 
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D.  Determination  of  Boron  in  T-8  Caustic  Scrubber 
Solutions  Dalng  Perchlorate  Oxidation 

General  Discussion 

T°8  caustic  scrubber  solutions  (polymer  destruction  liquors)  contain 
a  considerable  amount  of  boron  In  a  form  unsuitable  for  direct  titration. 
This  method  Is  based  on  the  conversion  of  all  boron  to  soluble  boric  acid 
by  heating  with  nitric  and  perchloric  acids,  followed  by  the  standard 
mannitol- sodium  hydroxide  titration  of  the  boric  acid  formed. 

Apparatus 

300  ml.  Erlenmeyer  flask  with  24/40  ^  joint 
24/40  ^  joint  with  6-lnch  glass  tube  (Inner  member) 
pH  meter  with  glass  and  calomel  electrodes 

Reagents 

70%  perchloric  acid,  reagent  grade 
Concentrated  nitric  acid,  reagent  grade 
Sodium  hydroxide,  50%  solution 
Standard  0.1  li  HCl 
Standard  0.1  N  NaOH 
Mannitol,  reagent  grade 

Procedure 

Heigh  a  40~50  gram  sample  Into  a  300  ml.  Erlenmeyer  flask  with  a  ^ 

24/40  joint.  Add  20  ml.  of  concentrated  nitric  acid  and  25  ml.  of  70% 
perchloric  acid.  Fit  an  Inner  member  of  24/40  ^  joint  with  6  Inches  of 
tubing  to  act  as  an  air  condenser  to  the  flask.  Heat  the  flask  at  medium 
heat  on  a  hot  plate  In  the  hood  with  a  safety  shield  In  front  of  the  flask 
until  all  the  nitric  acid  Is  decomposed  or  boiled  off.  Continue  heating 
until  the  water  has  distilled  off  and  perchloric  acid  begins  refluxing 
In  the  walls  of  the  flask.  Reduce  the  heat  and  allow  the  perchloric  acid 
to  reflux  for  20  minutes.  Close  the  glass  door  of  the  hood.  Increase  the 
heat  and  bring  to  dense  perchloric  acid  fumes.  Continue  the  heating  for  5 
minutes.  CAITTION:  DO  NOT  HEAT  LONGER  THAN  FIVE  MIHUTBS.  HPT.  CfflCEHTRATfeS 
ACID  CAN  CAUSE  VIOLEKT  EXPLOSIONS.*  Remove  from  heat,  cool,  and  add  50  ml. 
of  distilled  water.  Transfer  contents  of  flask  to  a  400  ml.  or  600  ml. 
beaker.  Add  50%  sodium  hydroxide  until  basic.  Add  0.1  hydrochloric  acid 
until  neutral  and  then  add  5  ml.  In  excess.  Boll  for  2  minutes  to  remove 
carbon  dioxide.  Cool.  Add  0.1  jj  NaOH  until  a  pH  of  6.0  Is  reached.  Add 
10  grams  of  mannitol.  Titrate  with  0.1  ^  NaOH  to  a  pH  of  8.0.  Record 
the  ml.  of  0. 1  N  NaOH  required  for  the  tlratlon.  Run  a  blank  determination 
with  the  reagents.  Subtract  the  blank  value  from  the  ml.  of  0.1  N  NaOH 
used  In  the  determination  to  obtain  the  net  titration  for  boron. 
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♦ 


Calculation 


%  boron 


ml.  NaOH  X  normality  of  Na(M  x  1.082 
sample  weight  In  grams 


Remarks 

The  above  procedure  Is  not  necessary  for  I- 10  scrubber  (final  destruc 
tlve  scrubber)  solutions.  They  can  be  analyzed  using  the  procedure  for  boron 
In  soluble  borates  (C~2). 

If  a  pH  meter  Is  not  available^  methyl  red  can  be  used  to  achieve  a  pH 
of  6.0  (orange  color)j  and  phenolphthaleln  can  be  used  to  determine  when  a 
pH  of  8.0  (pink  color)  Is  reached. 


E.  Determination  of  Trlmethvlborate 
In  Tetrahvdrofuran 

General  Discussion 

Trlmethylborate  may  be  determined  by  any  one  of  three  procedures:  specific 
gravity^  refractive  Index,  and  hydrolysis  of  the  trlmethylborate  to  boric  acid 
and  methanol  with  titration  neutralization  of  the  acidity  from  the  boric  add* 
mannitol  complex. 


B(0CH3)3  +  3H0H  - -H3BO3  +  3HOCH3 


Apparatus 

Standard  Refractometer 

Hydrometer,  Sp.  Gr.  0.880  to  0.950  scale 

Reagents 

0.10  JJ  HCl 

0.10  II  NaOH 

Methyl  red  Indicator  solution,  0.02X  aqueous  solution 

Phenolphthaleln  indicator  solution,  IX  In  75X  ethanol 

Procedure 

1.  Specific  Gravity 

Specific  gravity  Is  determined  by  the  normal  procedure.  It  Is  neces¬ 
sary,  however,  to  prepare  a  set  of  standards  covering  the  possible  range  of 
percentage  compositions  to  be  found  during  operation,  determining  the  specific 
gravity  at  a  specified  temperature  and  plotting  a  graph  of  specific  gravity 
versus  percentage  trlmethylborate.  Samples  to  be  determined  are  run  under 
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Che  same  conditions,  the  specific  gravity  recorded  and  Che  percentage  trl- 
methylboraCe  read  directly  from  the  graph  prepared. 

2.  Refractive  Index 

The  refractive  Index  measurement  Is  made  In  the  usual  manner. 
Standards  prepared  for  the  specific  gravity  determination  may  also  be  used 
Co  prepare  a  standard  refractive  Index  versus  concentration  of  TMB  curve. 
Samples  received  for  analysis  are  run,  the  refractive  Index  recorded  and 
converted  to  percentage  trlmeChylborate  from  either  the  standard  curve  or 
tables  which  may  be  prepared. 

3.  Hydrolysis  and  Titration 

Pipette  a  one  ml.  sample  Into  a  250  ml.  Erlenmeyer  flask  containing 
50*75  ml.  of  water,  swirl  gently  and  allow  to  stand  for  5  minutes.  Determine 
the  boron  present  as  outlined  In  "Determination  of  Boron  In  Soluble  Borates." 

Calculations 


,(ml^  flClKN  Hgll., 19^3.8  .  ^  Trlmethylborate 

ml.  sample  x  Sp.  Gr. 


F.  Determination  of  Free  Chlorine  and 
Silicon  In  Boron  Trichloride 

General  Discussion 

A  liquid  sample  of  boron  trichloride  Is  distilled  Into  aiethanol.  Addi¬ 
tion  of  water  hydrolyzes  Che  methyl  borate  to  boric  acid  and  silicon  to 
silicic  acid.  An  aliquot  of  the  resulting  solution  Is  analyzed  for  chlorine 
by  Che  o-Colldlne  colorimetric  method.  Silicon  In  Che  residue  from  the 
distillation  Is  determined  colorimetries lly  by  either  the  slllco-molybdate 
method  (over  25  ppm  silicon)  or  Che  molybdenum  blue  method  (below  25  ppm 
silicon).  An  aliquot  of  Che  methanol-water  solution  Is  also  analyzed  for 
silicon  by  either  of  Che  above  two  colorimetric  methods.  Total  silicon  Is 
calculated  by  adding  Che  amount  of  silicon  determined  In  the  distillate  to 
Chat  found  In  Che  residue. 

Apparatus 

The  boron  trichloride  distillation  apparatus  consists  of  a  modified 
Turner  type  absorption  bulb  fitted  with  a  ball  Joint  at  Che  Inlet  tube,  a 
small  test  Cube  Co  hold  Che  sample,  a  right  angle  connecting  Cube,  and 
appropriate  clamps  Co  support  and  Join  together  the  various  parts  of  the 
apparatus. 
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Sampling,  Dtattllatton  and  Absorption  Procedure 

Obtain  a  1-3  ml.  liquid  boron  trichloride  sample  by  means  of  liquid 
transfer  from  the  cylinder  or  reactor  sample  outlet  into  the  sample  tube 
which  is  chilled  by  a  dry  ice-acetone  bath.  Stopper  the  sample  tube  and 
keep  it  in  a  dry  ice-acetone  bath  until  ready  for  analysis.  Place  25  ml. 
of  absolute  methanol  (traces  of  moisture  are  not  objectionable  in  the 
methanol)  in  the  absorption  bulb  and  weigh  to  the  nearest  0.001  gram  with 
the  bulb  in  the  closed  position.  Support  the  bulb  securely  about  12  inches 
above  the  bench  top  in  the  fume  hood  and  attach  the  connection  tube.  Sur¬ 
round  the  absorption  bulb  with  an  ice  water  bath  to  slightly  above  the 
level  of  the  methanol  in  the  bulb.  Withdraw  the  sample  tube  from  the  dry 
ice-acetone  bath  and  quickly  attach  it  to  the  connecting  tube.  Set  the 
absorption  bulb  in  the  open  position  and  allow  the  aample  to  distill  over 
into  the  methanol.  After  all  the  sample  has  been  distilled  over  (30-60 
min.),  close  the  absorption  bulb  inlet  and  detach  the  connecting  tube. 

Dry  the  outside  of  the  absorption  bulb,  open  it  momentarily  to  equalize 
pressure,  and  weigh  the  bulb  to  the  neareat  0.001  gram.  The  difference  in 
the  bulb  weights  is  the  weight  of  the  sample.  The  sample  tube  is  stoppered 
and  reserved  for  silicon  analysis.  Cold  distilled  water  is  run  into  the 
absorption  bulb.  The  mixture  in  the  absorption  bulb  is  washed  into  a  100 
ml.  volumetric  flask  and  made  up  to  volume  with  distilled  water. 

Chlorine  Analysis 
1.  Reagents 

a.  0-Tolidine 

Dissolve  0.186  gram  of  o-tolidine  (Eastman  No.  249)  in  solu¬ 
tion  containing  37  ml.  of  concentrated  hydrochloric  acid  and  75  ml.  of 
distilled  water.  Dilute  to  250  ml.  with  distilled  water  and  store  in  dark 
brown  bottle. 

b.  Standard  Potassium  Chlorate 
Stock  Solution  f 1.000  g/1) 

Dissolve  1.000  gram  of  reagent  grade  KCIO3  in  distilled  water 
and  dilute  to  1.000  liter  with  distilled  water. 

c.  Standard  Potassium  Chlorate 
Solution  (0.0500  g/11 

Pipette  out  50.00  ml.  of  standard  potassium  chlorate  stock 
solution  into  a  one  liter  volumetric  flask  and  dilute  to  the  mark  with  dis¬ 
tilled  water.  This  solution  contains  0.01446  gram  of  chlorine  per  liter. 
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2.  Preparation  of  Calibration  Curve 


In  a  series  of  five  2S0~ml.  glass" stoppered  Erlenmeyer  flasks 
place  portions  of  standard  potassium  chlorate  solution  (0.0500  gm.  KCIO3 
per  liter)  ranging  from  0.0  to  4.0  ml.  In  steps  of  1.0  ml.  Dilute  the 
contents  of  each  flask  to  40  ml.  with  distilled  water  and  add  40  ml.  of 
1: 1  HCl  to  each.  Warm  each  flask  to  40‘'C  and  hold  at  this  temperature 
for  30  minutes.  Cool,  transfer  each  solution  to  a  100  ml.  volumetric 
flask.  Add  2  ml.  of  o-tolldlne  reagent  to  each  volumetric  flask  and  dilute 
to  the  mark  with  distilled  water.  Shake  well.  Using  the  solution  con¬ 
taining  no  potassium  chlorate  In  the  reference  cell;  read  the  absorbancy 
of  each  solution  at  438  millimicrons  on  the  Beckman  DU  Spectrophotometer 
approximately  9  minutes  after  color  development.  Plot  a  standard  curve  of 
absorbancy  as  a  function  of  micrograms  of  chlorine. 

3.  Procedure  for  Chlorine  Determination 

From  the  solution  containing  the  washings  from  the  boron  tri¬ 
chloride  absorption  bulb^  pipette  a  suitable  aliquot  Into  a  100  ml. 
volumetric  flask.  Use  20  of  the  100  ml.  If  In  doubt.  Dilute  to  40  ml. 
with  distilled  water.  Add  40  ml.  of  1;1  hydrochloric  acid.  In  a  separate 
loo  ml.  volumetric  flask  prepare  a  blank  by  adding  40  ml.  of  1:1  hydro¬ 
chloric  acid  to  40  ml.  of  distilled  water.  Add  2.0  ml.  of  o-tolldlne 
reagent  to  each  flask,  dilute  to  the  mark  with  distilled  water  and  mix  well. 
Read  the  absorbancy  at  438  iqb  of  the  unknown  solution  nine  minutes  after 
color  development  with  the  blank  In  the  reference  cell.  Determine  micro- 
grams  of  Cl  In  the  unknown  solution  by  referring  to  the  calibration  curve. 

Calculation 


ppm  Cl  In  sample 


_ micrograms  Cl  In  solution  (100> 

ml.  aliquot  for  Cl  analysis  (sample  wt.  In  gms.) 


Silicon  Analysis  -  Slllcomolvbdlc  Acid  Method 
(over  25  ppm  Sll 

1.  Reagents 

a.  Standard  Silicon  Solution 
(O.lOOO  gm.  SI  per  liter) 

Ignite  reagent  grade  silica  at  IOOO-1100'’C  In  a  platinum 
crucible  to  constant  weight.  Weigh  out  0.2140  gm.  of  the  Ignited  silica 
Into  a  platinum  crucible.  Add  approximately  2  gms.  anhydrous  reagent  grade 
sodium  carbonate  and  mix  Intimately  with  a  well-rounded,  thin,  dry  glass 
rod.  Cover  the  crucible  and  gradually  heat  the  mixture  to  fusion.  Main¬ 
tain  It  slightly  above  fusion  temperature  for  15  minutes.  Cool,  and  place 
the  crucible  and  cover  In  a  polyethylene  beaker.  Dissolve  the  melt  In  warm 
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*  water.  When  solution  is  complete,  remove  the  crucible  and  cover  from  the 

beaker,  washing  them  thoroughly  with  a  stream  of  distilled  water,  com¬ 
bining  the  solution  and  washings.  Cool  the  solution  to  room  temperature, 
and  transfer  to  a  liter  volumetric  flask.  Dilute  to  volusie  and  mix 
thoroughly.  Transfer  the  solution  to  polyethylene  bottles  for  storage. 

The  solution  contains  0.1  mg.  silicon  per  milliliter  (100  ppm  Si). 

b.  Glacial  Acetic  Acid.  Reagent  Grade 

c.  Ammonium  Molybdate.  5T  Aqueous  Solution 

d.  2.  4-dinitrophenol  Indicator  Solution.  0.11 
Aoueous  Solution.  Eastman  No.  A  102 

2.  Preparation  of  Calibration  Curve 

To  a  series  of  100  ml.  volumetric  flasks,  pipette  in  0.0  to  6.0 
ml.  of  standard  silicon  solution  in  steps  of  0.1  ml.  Dilute  each  to 
approximately  50  ml.  Add  1.0  ml.  of  2,4-dlnltrophenol  indicator.  Add 
1.0  ml.  of  glacial  acetic  acid  and  5.00  ml.  of  5%  aqueous  ammonium  molyb¬ 
date  solution.  Dilute  each  flask  to  the  mark  with  distilled  water  and 
,  mix  thoroughly.  Allow  solutions  to  stand  5  to  10  minutes.  Read  the 

absorbancy  of  each  solution  at  420  millimicrons  using  the  blank  in  the 
reference  cell  of  the  DU  Spectrophotometer.  Prepare  the  calibration  curve 
,  by  plotting  absorbancy  at  420  millimicrons  versus  mg.  of  silicon  per  100 

ml.  of  solution. 

3.  Procedure  for  Analysis  of  Silicon 
in  Boron  Trichloride 

Pipette  an  aliquot  of  the  solution  prepared  from  the  washings 
from  the  boron  trichloride  absorption  bulb  (0. 1-0.4  mg.  of  Si)  into  a 
100  ml.  volumetric  flask  and  dilute  to  approximately  50  ml.  Use  a 
separate  100  ml.  volumetric  flask  for  a  reagent  blank.  Add  one  ml.  of 
2, 4-dinitrophenol  indicator.  Add  concentrated  amsonium  hydroxide  drop- 
wise,  while  swirling,  until  the  solution  assumes  a  yellow  color.  Wash 
down  the  neck  of  the  flask  with  a  stream  of  distilled  water  and  add  1;  1 
hydrochloric  acid  dropwise  until  the  yellow  color  is  Just  discharged. 

Add  one  ml.  of  glacial  acetic  acid  and  5.00  ml.  of  5%  ammonium  molybdate 
solution.  Dilute  to  volume  and  mix  thoroughly.  After  15  minutes  read 
the  absorbancy  of  the  solution  on  a  Beckman  DU  Spectrophotometer  at  420 
millimicrons  with  the  reagent  blank  set  at  zero  absorbancy.  Convert  the 
absorbancy  reading  to  milligrams  of  silicon  by  means  of  the  calibration 
curve.  Label  this  value  Y. 

Wash  the  residue  in  the  sample  tube  from  the  boron  trichloride 
distillation  into  a  100  ml.  volumetric  flask  with  water  and  determine  the 
milligrams  of  silicon  in  the  residue  by  the  above  procedure. 
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Calculations 


Total  mg.  Si  in  sample 


X  Si 


mg. 


Si  in  residue  -f 


_ Y  goo) _ 

aliquot  of  absorption  bulb 
solution 


Total  mg.  Si  Y  in  sample 
grams  sample  (10) 


Silicon  Analysis  °  Molybdenum  Blue  Method 
(under  25  ppm  Si^ 


♦ 


1.  Reagents 

a.  Standard  Silicon  Solution.  O.Ol 
mg.  Si  per  ml. 

Prepare  a  solution  containing  0.1  mg.  Si  per  ml.  using  the 
directions  outlined  in  the  preceding  silico  molybdic  acid  method.  Adjust 
the  final  dilution  of  the  standard  so  that  one  ml.  of  the  solution  contains 
0.01  mg.  silicon. 

b.  Stannous  Chloride  Solution 

Transfer  1.0  gm.  of  SnCl2*2H20  crystals  to  a  100  ml.  volumetric 
flask.  Dissolve  in  2  ml.  of  concentrated  hydrochloric  acid,  added  by  means 
of  a  pipette.  Dilute  to  the  mark  with  distilled  water.  Prepare  a  fresh 
solution  every  one  or  two  days. 

Ammonium  molybdate,  5X  aqueous  solution. 

2.  Preparation  of  Calibration  Curve 

Pipette  0,  1,  2,  3  and  5  ml.  of  the  silicon  standard  solution 
(0.01  mg.  Si  per  ml.)  into  separate  100  ml.  volumetric  flasks.  Dilute 
each  to  approximately  50  ml.  with  distilled  water.  Add  one  ml.  of  1:3 
sulfuric  acid,  followed  by  10  ml.  of  5X  ammonium  molybdate  reagent.  Mix 
and  allow  to  stand  5  minutes,  then  add  30  ml.  of  1;3  sulfuric  acid.  Mix 
thoroughly,  rinse  neck  of  flask  with  small  amount  of  distilled  water  and 
mix  again,  then  add  1.0  ml.  of  stannous  chloride  reagent  and  mix  imme° 
diately.  Dilute  to  the  mark,  mix  thoroughly  and  allow  to  stand  at  least 
20  to  25  minutes.  Read  the  absorbancy  at  815  millimicrons  on  the  DU 
Spectrophotometer  using  1  cm.  cored  cell,  the  reagent  blank  being  set  at 
zero  absorbancy.  Plot  absorbancy  reading  versus  micrograms  of  silicon 
per  loo  ml.  to  obtain  calibration  curve. 

3.  Procedure  for  Determination  of  Silicon 
in  Boron  Trichloride 

Pipette  an  aliquot  of  the  solution  prepared  from  the  washings  from 
the  boron  trichloride  absorption  bulb  (0.0l~0.04  mg.  of  Si)  into  a  130  ml. 
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polyethylene  bottle  which  hes  previously  been  calibrated  at  100  ml.  Dilute 
to  about  30  ml.  with  diatilled  water.  Add  one  ml.  of  2, 4-dlnltrophenol 
Indicator.  Run  In  concentrated  ammonia  solution  carefully  from  a  graduated 
10  ml.  pipette  with  constant  swirling  until  the  solution  turns  yellow. 

Note  the  volume  of  ammonia  used  and  add  the  same  amount  to  the  reagent 
blank.  Now,  add  concentrated  hydrochloric  acid  carefully  to  the  sample 
and  blank  by  means  of  a  dropper,  while  swirling,  until  the  yellow  color 
has  Just  been  discharged,  then  add  one  ml.  of  1:3  sulfuric  acid,  and  10 
ml.  of  5Z  ammonium  molybdate.  Mix  and  allow  to  stand  5  minutes;  add  30  ml. 
of  1:3  sulfuric  acid,  wash  neck  of  bottle  with  distilled  water,  mix  well, 
and  add  1.0  ml.  of  stannous  chloride.  Dilute  to  the  100  ml.  mark  and  allow 
to  stand  for  at  least  20-25  minutes.  Read  the  absorbancy  of  the  solution 
at  815  millimicrons  as  In  the  procedure  for  the  calibration  curve  with 
the  reagent  blank  set  at  zero  absorbancy.  Convert  the  absorbancy  reading 
to  mlcrograma  of  silicon  by  means  of  the  calibration  curve.  Label  micro- 
grams  of  silicon  Q. 

Wash  the  residue  in  the  sample  tube  from  the  boron  trichloride 
distillation  Into  a  130  ml.  polyethylene  bottle  which  has  previously  been 
calibrated  at  100  ml.  with  water  and  determine  the  micrograms  of  silicon 
In  the  residue  by  the  above  molybdenum  blue  procedure. 

Calculations 


Total  mg.  of  Si  In  sample 
ppm  SI  >■ 


»  mg.  Si  in  residue  +  "Ti'  ■  ■-  - 

”  aliquot  of  absorption  bulb  soln. 

total  micrograms  of  Si  In  sample 
sample  weight  In  grams 


G.  Analysis  of  Sodium  Hydride 
General  Discussion 

This  method  Is  based  on  the  decomposition  of  sodium  hydride  (NaH)  and 
free  sodium  (Ns)  by  Isopropanol  and  water,  according  to  the  equations: 


(1) 

Han  +  H2O  — 

NaOH  +  H2 

(2) 

Na  +  H2O  — 

— -NaOH  +  ^ 

The  volume  of  hydrogen  evolved  Is  determined  by  means  of  a  gas  burette. 
The  reaction  mixture  Is  then  titrated  for  total  alkalinity,  and  the  per  cent 
of  sodium  hydride  and  sodium  calculated  from  the  volume  of  hydrogen  and  the 
alkalinity  with  the  aid  of  Equations  (1)  and  (2).  In  the  absence  of  free 
sodium,  the  per  cent  of  sodium  hydride  Is  calculated  from  the  volume  of 
hydrogen  alone,  based  on  Equation  (1),  or  from  the  alkalinity. 

The  method  Is  applicable  to  NaH-sollds  and  their  dispersions  In  hlgh- 
bolllng.  Inert,  organic  media,  such  as  mineral  oils. 
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Solvents  possessing  high  vapor  pressures  interfere  with  the  determina¬ 
tion  of  the  true  hydrogen  volume  and  should  be  removed,  if  possible. 

Titratable  alkalinity  other  than  that  derived  from  NaH  and  Na  also  interferes. 

The  accuracy  of  the  method  is  within  ±  IZ  of  the  amount  of  each  con¬ 
stituent  (NaH,  Na)  present. 

The  precision  is  governed  by  the  homogeneity  of  the  NaH-Na  mixtures. 

Safety  Aspects 

Sodium  hydride  reacts  very  vigorously  with  water  and  may  ignite 
spontaneously.  Proper  care  should  therefore  be  exercised  in  the  handling  of 
this  material.  Any  NaH  (or  slurry)  adhering  to  spatulas  or  glass  droppers 
should  be  destroyed  by  first  rinsing  with  isopropanol  or  methanol. 

Special  Apparatus  and  Reagents 
1.  Special  Apparatus 
The  apparatus  consists  of: 

a.  A  100  ml.  Fisher  gas  burette  (Fisher  Catalog  No.  10-600- 
36),  Jacketed  by  a  wide  glass  tube  (13"  x  2"),  modified  for  greater  capacity, 

as  follows:  * 

The  glass  stopcock  at  the  top  of  the  burette  is 
cut  off.  The  free  end  (capillary  tube)  is  con¬ 
nected  to  the  bottom  stopcock  of  a  gas  sampling 
tube  of  250  ml.  capacity  (Central  Scientific  Co. 

Cat.  No.  20810)  by  means  of  a  piece  of  pure  gum 
rubber  tubing.  The  lower  end  of  the  gas  burette 
is  connected  to  a  piece  of  glass  tubing  (about 
100  cm.  in  length,  6  smi.  dia.)  and  to  a  leveling 
bulb  of  one  liter  capacity  via  a  T-tube  and  rubber 
tubing.  The  glass  tube  is  clamped  up  in  a  vertical 
position  alongside  the  gas  burette  and  serves  ss  a 
convenient  gauge  for  reading  the  water  level  in 
the  burette.  An  extra  stand  and  ring  clamp  are 
provided  for  the  leveling  bulb. 

b.  A  gas-evolution  vessel.  This  consists  of  a  125  ml.  Pyrex 
filtering  flask,  provided  with  a  rubber  stopper,  through  which  passes  the 
stem  of  a  small  separatory  funnel  (60  ml.  capacity,  cylindrical  type).  The 
side  outlet  of  the  gas-evolution  flask  is  connected  to  the  top  of  the  gas 
sampling  tube  by  means  of  a  long  piece  of  rubber  tubing. 

c.  A  thermometer,  (suspended  next  to  the  gas  burette),  > 

for  recording  the  room  temperature  (O'lOO’C). 
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2.  Special  Reagents 

leopropanol  (technical  grade) 

Hydrochloric  Acid,  approximately  0.5  2} 
Methyl  Red  Indicator.  0.021  aqueous  soln. 


Procedure 


1.  Calibration  of  Modified  Gas  Burette 

Disconnect  the  T-tube  at  the  bottom  of  the  burette  and  replace 
It  by  a  piece  of  short  rubber  tubing,  provided  with  a  pinch  clamp.  Com¬ 
pletely  fill  burette  and  gas  sampling  tube  with  distilled  water, 

Introduced  at  the  bottom  (pinch  clamp  open).  The  water  should  extend  a 
short  distance  past  the  capillary  tube  of  the  upper  stopcock  of  gas 
sampling  tube.  Close  pinch  clamp  and  place  an  arbitrary  calibration-mark 
at  the  upper  leyel  of  the  water.  Mow,  open  the  pinch  clamp  and  run  out 
the  water  from  the  upper  reservoir  (gas  sampling  tube)  Into  a  large  beaker. 
Stop  after  the  water  level  has  reached  a  calibrated  part  of  the  gas 
burette  (at  96  ml.,  say).  Measure  the  volume  of  water  collected  between 
these  two  calibration  points,  using  volumetric  flasks  and  graduates. 

Repeat  the  calibration  2  or  3  times  and  obtain  an  average  value. 

2.  Determination 


«  a.  Gas  Analysis 

Completely  fill  the  gas  burette  and  calibrated  reservoir 
with  distilled  water.  Introduced  via  the  leveling  bulb,  then  fill  the  bulb 
Itself  with  distilled  water  up  to  approximately  1/3  of  Its  volume.  Remove 
any  air  bubbles  by  squeezing  the  rubber  tube  connecting  the  bulb  to  the 
burette.  Carefully  raise  the  leveling  bulb  until  the  water  level  reaches 
the  top  calibration  mark  of  the  reservoir  (gas  sampling  tube)  and  support 
bulb  In  ring  clamp  at  this  point. 

Weigh  accurately  about  290-320  mg.  of  the  solid  or  1.00- 
1.20  gms.  of  the  dispersion  (Note  1)  Into  the  gas-evolution  flask  (Note  2). 
Connect  gas-evolution  flask  to  burette  and  tightly  Insert  rubber  stopper 
with  separatory  funnel  Into  neck  of  flask.  Close  stopcock  of  funnel, 
then  lower  the  leveling  bulb  as  far  as  possible  and  fix  with  clamp.  Place 
10  ml.  of  Isopropanol  Into  separatory  funnel.  Immerse  flask  In  a  cooling 
bath  (tap  water)  and  gradually  add  the  alcohol  to  sample,  leaving  a  small 
amount  of  It  In  funnel,  as  a  seal.  Now,  slowly  add  20  ml.  of  distilled 
water  (Note  3),  leaving  a  water  seal  In  funnel.  Remove  flask  from  cooling 
bath  and  allow  the  system  to  come  to  equilibrium  (Note  4).  Raise  leveling 
bulb,  until  the  water  level  (In  gauging  tube)  coincides  with  that  In  the 
burette.  Read  the  burette  at  this  point  and  record  as  the  final  water 
volume.  Also  record  the  room  temperature  and  barometric  pressure.  Dlscon- 
•  nect  gas-evolution  flask  and  retain  the  reaction  for  titration. 
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b.  Titration 

Add  6-8  drops  of  methyl  red  Indicator  to  the  above  solution 
and  titrate  to  neutrality  with  approximately  0.5  j  HCl.  Record  milli¬ 
liters  of  HCl  used. 

Calculations 


1.  Both  WaH  and  Na  Present 
Calculate  results  as  follows; 


Volume  of  hydrogen  gas  (ml.)  at  standard  temperature 
+  pressure  -  ^2Vg^p» 

V«.o  -  V  X  -2-  X  ^ 

VsTp  “  *  760  T 


V]^  >  Total  volume  of  gas  burette,  ml.  (by  calibration) 

V2  ■  Final  water  volume,  ml.  (after  reaction) 

V3  >  Vol.  of  Isopropanol  +  vol.  H2O  added,  ml.  (■  30  ml.) 

V  ■  Volume  of  hydrogen  gas,  ml.  uncorrected,  ■  (V2^-V2)  •  V3 
Pq  >  Barometric  pressure,  mm.  Hg. 

Pj^  B  Vapor  pressure  of  1;2  mixture  of  Isopropanol  +  HoO 

(-  34.0  ran.  Hg.,  as  determined  In  laboratory  at  23*C) 


P  -  Pj,  -  Pj,  ran.  Hg. 

T  -  273  +  f,  'K 
t*  a  Room  temperature,  **C 


Total  mllllequlvalents  of  NaOH  «  ml.  HCl  x  normality 
of  HCl 


Then, 


where  H-„ 

2Vstp 

In  milligrams. 


*2(VsTp) 


X  2 


22.4 


X  24 


sample  weight  x  10 
46 


A  ■  **2(Vg2;p)^X 

V  2i.r  7 


%  NaH 


>  %  Na 

sample  weight  x  10  ^ 

■>  ml.  H2  at  standard  temperature  and  pressure. 


Sample  weight 
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2.  Na  Absent 

If  the  formula  for  X  Na  should  result  In  values  0,  Na  is  absent 
and  the  per  cent  of  NaH  Is  calculated  as  follows: 

a.  From  Volume  of  Hydrogen 

/«  \  X  100 

_ £(ysip) _  -  7.  NaH 

sample  weight  x  933.3 

(933.3  «  ml.  H2  per  gm.  of  lOOtl  NaH,  theoretical) 

b.  From  HCl  ~  Titration 

ml.  HCl  X  N  of  HCl  x  0,024  x  100  . 
sample  weight 


Notes; 

1.  The  sample  weights  used  for  NaH  solids  and  dispersions  depend  on 
the  ratio  of  NaH’.Na  (and  on  the  concentration  of  the  dispersions).  The  more 
Na  Is  present,  the  less  the  volume  of  hydrogen  evolved.  In  general,  the 
sample  weights  have  to  be  selected  In  such  a  manner  that  the  volume  of 
hydrogen  produced  does  not  exceed  the  capacity  of  the  modified  gas  burette 
(ca.  300*350  ml.).  This  may  require  a  preliminary  trial. 

2.  The  samples  are  best  weighed  directly  Into  the  gas-evolution 
flask,  tared  on  the  analytical  balance.  In  order  to  exclude  moisture  as 
much  as  possible,  the  flask  carries  a  rubber  stopper,  and  a  rubber  cap  Is 
slipped  over  Its  side-outlet.  (The  whole  system  Is  weighed.) 

All  dispersions  should  be  shaken  vigorously  before  weighing.  In 
order  to  obtain  a  uniform  sample.  The  transfer  of  the  dispersion-sample 
to  the  tared  flask  Is  effected  by  means  of  a  dropper.  All  weighings 
should  be  performed  as  rapidly  as  possible. 

3.  Addition  of  water  to  the  Isopropanol-NaH  mixture  Immediately 
results  In  a  very  vigorous  evolution  of  hydrogen.  It  Is  therefore  of 
Importance  to  add  only  a  very  small  portion  of  water  at  the  start,  by 
momentarily  opening  and  closing  the  stopcock  of  the  separatory  funnel. 

After  the  first,  vigorous  reaction  has  subsided;  this  procedure  Is 
repeated  until  most  of  the  NaH  has  reacted.  The  remainder  of  the  water 
may  then  be  run  In  more  rapidly. 

4.  The  system  has  reached  equilibrium  (after  gas-evolution).  If 
the  water  level  In  the  gas  burette  remains  constant.  The  attainment  of 
equilibrium  may  be  hastened  by  gently  swirling  the  gas-evolution  flask 
and  noting  any  depression  In  the  water  level  of  the  burette. 
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H.  Analysis  of  NaOCH3  In  Filtrate  from 
Sodium  Borohvdrlde  Recovery 

General  Discussion 

Sodium  methylate  la  determined  by  hydrolysis  to  convert  the  NaOCH3 
to  NaOH  and  CHjOH^  followed  by  titration  with  standard  acid  to  determine 
the  alkalinity  produced. 

Reagents 

Standard  0.1  hydrochloric  acid 
Methyl  red  Indicator 

Procedure 

Pipette  from  1  to  5  ml.  of  sample  Into  a  250  ml.  Erlenmeyer  flask 
containing  50  ml.  of  water.  Swirl  the  flask  gently  until  all  hydrolysis 
reaction  has  ceased.  Add  6  drops  of  methyl  red  and  titrate  to  the 
neutral  point  with  standard  N/10  hydrochloric  acid,  record  the  amount  of 
standard  acid  required. 

Calculations 

-  grams/llter  Na0CH3 


I.  Determination  of  Mineral  Oil  In  Sodium 
Borohvdrlde  Process  Materials 

General  Discussion 


This  method  Is  based  on  the  extraction  of  mineral  oil  with  dlchloro- 
methane  from  an  acidified  aqueous  solution  of  the  sample.  The  dlchloro- 
methane  Is  evaporated  and  the  mineral  oil  residue  Is  dried  and  weighed. 

This  method  can  be  used  to  determine  the  mineral  oil  content  of 
samples  of  sodium  borohydrlde,  sodium  fluoride,  sodium  chloride,  and 
solutions  of  these  materials  In  methyl  borate,  tetrahydrofuran,  ansul 
ether,  and  water. 

Any  material  that  Is  extractable  with  dlchloromethane  and  will  not 
evaporate  below  llO'C  will  Interfere  with  this  method. 

The  accuracy  (recovery)  of  this  method  Is  +  0.5)1  of  the  amount 
present. 
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Safety  Aspectg 

The  usual  safety  precautions  with  respect  to  sodium  borohydrlde,  strong 
acldSj  and  organic  solvents  should  be  observed.  There  Is  a  fire  hazard  due 
to  the  hydrogen  evolved  from  sodium  borohydrlde  and  Its  solutions.  Use 
adequate  ventilation  when  handling  the  dlchloromethane. 

Reagents 

1.  Hydrochloric  acid  solution,  1:1.  One  volume  C.P. 
hydrochloric  acid  to  one  volume  distilled  water. 

2.  Dlchloromethane,  b.p.  40-42°C  from  Matheson, 

Coleman  and  Bell,  or  equivalent. 

3.  Ethyl  alcohol  (anhydrous) 


Procedure 

Weigh  a  sample  containing  5  to  500  mg.  of  mineral  oil  to  the  nearest 
0.1  mg.  and  transfer  by  washing  with  distilled  water  Into  a  250  ml.  Erlen** 
meyer  flask.  Add  distilled  water  to  bring  the  volume  up  to  100  ml., 
acidify  with  501  hydrochloric  acid  solution  and  transfer  the  acidified 
solution  to  a  250  ml.  separatory  funnel.  Do  not  use  any  grease  on  the 
stopcock.  Rinse  the  flask  with  50  ml.  of  distilled  water  and  add  to  the 
separatory  funnel.  Add  10-15  ml.  of  dlchloromethane  to  the  flask,  stopper 
with  a  clean  rubber  stopper,  shake  vigorously  and  transfer  to  the 
separatory  funnel. 

Stopper  the  separatory  funnel  and  shake  It  for  one  minute  to  extract 
the  mineral  oil.  Allow  the  solution  to  clearly  separate  Into  two  phases 
and  transfer  the  organic  phase  to  a  second  separatory  funnel.  Wash  with 
150  ml.  of  distilled  water  acidified  with  3  ml.  of  50Z  hydrochloric  acid 
solution  and  transfer  the  organic  phase  to  a  tared,  clean  dry  50  ml. 
beaker.  Place  a  second  portion  of  dlchloromethane  In  the  Erlenmeyer  flask 
and  run  It  through  the  above  extraction  procedures  with  the  same  aqueous 
wash  solution  and  combine  It  with  the  first  portion  In  the  beaker.  Repeat 
with  a  third  portion  of  dlchloromethane. 

Place  the  beaker  on  a  steam  bath  and  evaporate  the  solvent  down  to 
2-3  ml.  Add  one  ml.  of  ethyl  alcohol  and  evaporate  the  solvents.  Place 
the  beaker  In  an  oven  at  llO’C  for  one  hour  to  complete  the  evaporation, 
cool,  and  weigh  to  the  nearest  0.1  mg.  Obtain  the  weight  of  mineral  oil 
by  difference. 

Calculations 

net  ffns.  of  mineral  oU  ^  ^ 

gms.  of  sample 
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J.  Determination  of  Methoxv  Groups  in 
Sodlxnn  Borohvdrlde  Process  Haterlals 

Generel  Dlscuseton 

This  method  is  based  on  the  hydrolysis  of  the  siethoxy  groups  to 
methanol,  distillation  of  the  methanol,  and  titration  of  methanol  in  the 
distillate  with  a  standardized  ceric  nitrate  solution. 

This  method  can  be  used  on  sodium  chloride  and  sodium  fluoride  salts, 
borohydride,  fluoboratea,  and  solutions  of  these  materials  in  water  or 
methyl  borate. 

Any  material  which  will  distill  over  with  the  methanol  and  which  will 
be  oxidized  by  the  ceric  solution  will  interfere  with  this  method.  Tetra- 
hydrofuran  is  a  material  of  this  type. 

The  accuracy  (recovery)  of  this  method  is  ±  0.5X  of  the  amount  present. 

Safety  Aspects 

The  usual  safety  precautions  with  respect  to  sodium  borohydride, 
osmium  tetroxlde,  arsenic  salts,  and  strong  acids  should  be  observed.  There 
is  a  fire  hazard  due  to  the  hydrogen  evolved  from  sodium  borohydride  and 
its  solutions. 

Reagents 


1.  Phosphoric  acid  solution.  One  part  85%  reagent  grade 
phosphoric  acid  to  3  parts  distilled  water. 

2.  Nitric  acid.  Boiled  reagent  grade  nitric  acid. 

3.  Arsenlous  oxide  solution,  0.1000  Ji.  Dissolve  2.4725 
gms.  of  pure  Bureau  of  Standards  srsenious  oxide  in 
20  ml.  of  1  sodium  hydroxide.  Add  sufficient  1  N 
sulfuric  scid  to  make  the  solution  slightly  acid  to 
litmus.  Dilute  the  solution  to  500  ml. 

4.  Ceric  ammonium  nitrate,  0.1  ji.  Dissolve  approximately 
60  gms.  of  ceric  ammonium  nitrate  (G.  Frederick  Smith, 
reagent)  to  500  ml.  of  distilled  water  containing  90  ml. 
of  boiled  concentrated  nitric  acid.  Dilute  the  solution 
to  1000  ml.  Standardize  this  reagent  against  the  standard 
srsenlte  solution. 

5.  Osmium  tetroxlde,  0.01  ji.  Dissolve  0.5  gm.  of  osmium 
tetroxlde,  reagent  grade,  in  distilled  water  and  dilute 
to  200  ml. 
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6.  Sulfutlc  acid  solution^  6  Ji[. 

7.  Ferroin  Indlcatoi.  1,10  (ortho)“Phenanthroline  Ferrous 
Sulfate,  G.  Frederick  Smith,  reagent. 

Procedure 

1.  Distillation 

Weigh  a  sample  containing  approximately  25  mg.  of  methoxy  groups 
to  the  nearest  0.1  mg.  and  transfer  to  a  300  ml.  Kjeldahl  flask.  Use 
125~130  ml.  of  distilled  water  to  aid  the  transfer  and  to  wash  down  the 
neck  of  the  flask.  Add  two  boiling  stones  and  connect  the  flask  to  a 
Kjeldahl  type  distillation  apparatus  equipped  with  a  dropping  funnel  and 
a  500  ml.  ^  flask  as  a  receiver.  Add  10  ml.  of  phosphoric  acid  solution 
dropwise  through  the  dropping  funnel  and  follow  with  3  ml.  of  distilled 
water.  When  the  vigorous  reaction  subsides,  heat  the  Kjeldahl  flask 
slowly  until  smooth  boiling  is  obtained.  Continue  the  distillation  until 
about  100  ml.  of  distillate  are  collected  in  the  receiving  flask.  The 
distillation  flask  must  not  be  allowed  to  run  dry. 

2.  Titration 

Add  to  the  distillate  10  ml.  of  nitric  acid  and  50.00  ml.  of  the 
•  ceric  ammonium  nitrate  solution  which  has  been  filtered  through  a  Gooch 

crucible  under  slight  suction  Just  prior  to  use.  Place  the  flask  with  the 
distillate  under  a  vertical  ^  reflux  condenser,  reflux  for  10-12  minutes 
and  cool.*  Wash  the  reflux  condenser  with  10  ml.  of  distilled  water  and 
combine  the  wash  with  the  distillate.  Add  20  ml.  of  sulfuric  acid,  eight 
drops  of  osmium  tetroxide  solution  (as  a  catalyst),  two  drops  of  ferroin 
indicator,  and  swirl  to  Insure  complete  mixing.  Titrate  the  excess  ceric 
ion  with  0.1  arsenlous  oxide  solution  to  Che  first  permanent  pink  color. 
Exercise  caution  when  approaching  the  endpoint.  The  endpoint  is  a  rapid 
change  from  yellow  to  pink  but  there  is  sometimes  a  delay  in  the  reduction 
of  the  ceric  ion  by  the  arsenite  ion. 

Record  the  volume  of  ceric  solution  used  up  as  the  uncorrected 
methoxy  titration.  Run  a  blank,  containing  the  reagents  and  solvents 
used  in  the  sample,  and  correct  the  sample  titration  for  Che  blank. 

Calculations 


(net  ml.  of  ceric  soln.KN  of  ceric  sola)(7.758) 

%  (X:H3  =  grams  of  sample  (IQ) 

,  mol.  wC.  of  31.034 

7.758  — — - =»  =  * - 

4  4 

Observe  the  distillate  closely  dutiog  the  initial  refluxing.  If  the  dis¬ 
tillate  becomes  colorless,  doe  to  the  complete  reduction  of  the  ceric  ion, 
aulckly  add  an  additional  aliquot  of  the  ceric  ammonium  nitrate  solution 
■' tougn  the  tep  of  the  condenser. 
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II.  Infrared  Methods 

A.  Infrared  Determination  of  Boron 
Trichloride  In  Gas  Samples 

General  Dlacuaalon 

This  method  la  baaed  on  the  Infrared  absorption  of  boron  tri¬ 
chloride  at  5.22  or  11.06  microns.  A  calibration  curve  Is  prepared  by 
measuring  the  absorbance  of  samples  containing  knovm  pressures  of  boron 
trichloride  and  samples  are  analyzed  by  reference  to  the  calibration  curve. 

Apparatus 

Beckman  IR-4  Infrared  spectrophotometer 

100  mm.  gas  cell 

Reagents 

Boron  trichloride 

Procedure 

Preparation  of  Calibration  Curve 

The  gas  la  handled  by  means  of  standard  high  vacuum 
techniques.  Boron  trichloride  Is  transferred  to  the  cell  at  various  pres¬ 
sures  from  0  to  200  mm.  of  mercury  and  scanned  from  15  to  2  microns  at 
suitable  Instrument  conditions.  The  absorbances  at  the  two  wavelengths 
are  obtained  using  the  base  line  method  of  analysis  and  are  used  to  prepare 
the  calibration  curves. 


Estimation  of  Boron  Trichloride 


A  sample  of  the  gas  to  be  analyzed  Is  Introduced  Into  the 
Infrared  cell  at  known  pressure  sufficient  to  give  a  partial  pressure  of 
boron  trichloride  In  the  range  of  the  calibration  curve.  The  sample  Is 
scanned  under  the  same  Instrumental  conditions  as  used  In  preparing  the 
calibration  curve  and  the  absorbance  Is  calculated  using  the  base  line 
technique.  The  partial  pressure  of  boron  trichloride  Is  obtained  from  the 
calibration  curve  and  the  mole  per  cent  Is  calculated  from  the  equation; 


Mole  X  BCl^ 


partial  pressure  of  BCI3  x  100 
total  cell  pressure 


» 
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*  B.  Infrared  Determination  of  Phosgene 

General  Dtscuaalon 

The  method  Is  based  on  the  Infrared  absorption  of  phosgene  (COCI2)  at 
5.42  or  11.77  microns.  A  calibration  curve  is  prepared  by  measuring  the 
absorbances  of  samples  containing  known  partial  pressures  of  phosgene  In  a 
100  mm.  Infrared  gas  cell. 

Apparatus 

Beckman  IR-4  Infrared  Spectrophotometer 

100  mm.  gas  cell 

Reagents 

Phosgene  (The  Matheson  Co.,  Inc.) 

Procedure 

Preparation  of  Calibration  Curve 

Phosgene  Is  handled  by  means  of  standard  high  vacuum  techniques. 
Phosgene  at  various  pressures  from  0~7  mm.  of  mercury  Is  transferred  to  the 
«  cell  and  scanned  from  15  to  2  microns  using  one  micron  per  minute  scanning 

speed,  two  times  standard  slit  width,  and  1.5  per  cent  gain.  The  absorbances 
at  5.42  and  11.77  microns  are  obtained  using  the  base  line  technique  of 
analysis  and  the  absorbances  obtained  are  used  to  prepare  the  calibration 
curve. 


Estimation  of  Phosgene 


A  sample  of  the  gas  to  be  analyzed  Is  Introduced  Into  the  Infrared 
cell  at  a  pressure  sufficient  to  give  a  partial  pressure  of  phosgene  within 
the  range  of  the  calibration  curve.  The  sample  Is  scanned  under  the  sanie 
Instrumental  conditions  are  used  In  preparing  the  calibration  curve  and  the 
absorbance  Is  calculated  using  the  base  line  technique.  The  pairtlal  pressure 
of  phosgene  Is  obtained  from  the  calibration  curve  and  the  mole  per  cent 
phosgene  Is  calculated  from  the  equation; 


Mole  X  phosgene 


partial  pressure  of  phosgene  x  100 
total  pressure  In  cell 


C.  Infrared  Determination  of  Methyl 
Chloride  In  Gan  Streams 

General  Discussion 

This  method  Is  based  on  the  Infrared  absorption  of  methyl  chloride 
at  13.67  microns.  A  calibration  curve  Is  prepared  using  known  partial 
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pressures  of  methyl  chloride  over  the  range  of  0  to  30  mm.  of  mercury  In  a 
gas  cell  with  a  constant  total  gas  pressure. 

Estimation  of  the  partial  pressure  of  methyl  chloride  In  a  gas  sample 
Is  made  using  this  curve. 


Apparatus 

Beckman  lR-4  Infrared  Spectrophotometer 
100  mm.  gas  cell 


Reagents 

Methyl  chloride 
Procedure 

Preparation  of  Calibration  Curve 

All  gases  are  handled  by  means  of  standsrd  high  vacuum  techniques. 
Methyl  chloride  at  various  pressures  from  0  to  30  mm.  of  mercury  Is  trans¬ 
ferred  to  the  cell. 

The  standards  are  scanned  from  15  to  10  microns  using  a  3X  gain 
and  two  times  standard  silt  width.  The  absorbance  at  13.67  microns  Is 
obtained  using  the  base  line  method  of  analysis,  and  the  absorbances 
obtained  for  the  standards  are  used  to  prepare  the  calibration  curve. 

The  curve  Is  a  plot  of  absorbance  as  a  function  of  mn.  methyl 
chloride  pressure. 

Estimation  of  Methyl  Chloride 

A  sample  of  gas  containing  unknown  quantities  of  methyl  chloride 
Is  transferred  to  the  Infrared  gas  cell  at  known  pressure.  The  sample  Is 
scanned  under  the  same  Instrumental  conditions  as  used  In  preparing  the 
calibration  curve,  and  the  absorbance  at  13.67  microns  Is  calculated  using 
the  base  line  technique.  The  partial  pressure  of  methyl  chloride  Is 
obtained  from  the  curve.  From  the  partial  pressure  of  the  methyl  chloride 
and  Che  total  pressure  of  Che  gas  In  the  Infrared  gas  cell,  the  mole  per 
cent  methyl  chloride  In  the  sample  Is  calculated. 


Calculation 

Mole  X  methyl  chloride 


partial  pressure  of  methyl  chloride  x  100 
total  pressure  of  sample 


* 


* 


* 
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D.  Infrared  Determination  of  Aneul 
Bther  E-141  In  Mineral  Oil 

General  Dlacuaeton 

This  method  la  baaed  on  Che  Infrared  absorption  of  Ansul  Ether  E~141 
In  mineral  oil  at  8.97  microns.  A  calibration  curve  Is  prepared  using 
known  concentrations,  and  estimation  of  Che  concentration  of  Ansul  Ether 
E~141  Is  made  using  this  curve. 

Apparatus 

'  Beckman  IR-4  Infrared  Spectrophotometer 

0.0264  mm.  cell 

Reagents 

Ansul  Ether  E'lAl,  Ansul  Chemical  Co.,  Marinette,  Wise. 

Mineral  Oil,  Bayol  85,  Chevron  NF  Mo.  3,  USP  Mo.  15 

Procedure 

Preparation  of  Calibration  Curve 

Prepare  standard  solutions  by  dissolving  known  quantities  of 
Ansul  Ether  E'141  In  mineral  oil.  The  concentration  used  Is  0-15X  Ansul 
Ether  E*141  by  weight.  The  absorption  cf  each  solution  In  a  0.0264  mm. 
cell  Is  measured  at  8.97  microns  using  a  0.50  mm.  silt  width,  0.629X 
gain  and  an  8  second  period.  The  absorbances  are  obtained  by  using  single 
beam  point  analysis.  This  consists  of  placing  pure  mineral  oil  In  the 
Infrared  cell,  placing  Che  cell  In  the  sample  beam  of  the  Instrument  and 
Increasing  Che  Instrument  gain  until  there  Is  zero  absorbance  on  the  scale. 
The  sample  Is  then  placed  In  Che  cell  and  absorbance  Is  recorded. 

Analysis 

Unknown  samples  of  Ansul  Ether  E~141  In  mineral  oil  are  analyzed  by 
measuring  Che  absorbance  under  the  same  conditions  as  used  In  preparing 
Che  calibration  curve  and  obtaining  Che  concentration  by  reference  Co  the 
calibration  curve. 


E.  Determination  of  Tetrahvdrofuran  In  Mineral  Oil 
General  Discussion 

This  method  Is  based  on  the  measurement  cf  Che  absorption  of  CeCra- 
hydrofuran  In  mineral  oil  at  9.31  microns.  A  calibration  curve  Is  prepared 
with  known  concentrations  of  tetrahydrofuran  and  estimation  of  Che  unknown 
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samples  Is  made  by  use  of  this  curve.  A  Beckman  IR-4  Infrared  spectrophoto¬ 
meter  was  used  for  the  analysis. 

Preparation  of  Calibration  Curve 

Dissolve  one  milliliter  of  tetrahydrofuran  In  mineral  oil  (Bayol  Jo. 

85)  and  dilute  to  volume  In  a  100  ml.  volumetric  flask.  This  solution  Is 
one  volume  per  cent  tetrahydrofuran  In  mineral  oil  and  Is  used  to  prepare 
other  samples  of  known  cMicentratlon  by  successive  dilutions.  Known 
samples  are  prepared  In  this  manner  containing  O.SO,  0.30;  0.10  and  0.05 
volume  per  cent  THF.  After  thorough  mixing,  the  absorbances  of  the  known 
solutions  In  a  0.1  mm.  cell  are  observed  and  the  calibration  curve 
prepared. 

The  absorbances  are  obtained  by  using  single  beam  point  analysis.  This 
consists  of  filling  the  cell  with  pure  mineral  oil,  placing  the  cell  In  the 
sample  beam  of  the  Instrument  and  Increasing  the  Instrument  gain  until  the 
abosrbance  reads  zero.  Ths  sample  In  mineral  oil  Is  then  placed  In  the 
cell  and  the  absorbance  observed  and  recorded. 

Determination  of  Tetrahydrofuran 

An  unknown  sample  of  tetrahydrofuran  In  mineral  oil  Is  analyzed  by 
filling  the  Infrared  cell  with  the  sample,  measuring  the  absorbance  under 
the  same  conditions  as  used  In  preparing  the  calibration  curve  and  * 

obtaining  the  concentration  by  reference  to  the  calibration  curve.  The 
range  of  the  analysis  Is  0.05  to  l.OX  with  accuracy  of  +  0.01%. 


F.  Determination  of  Sodium  Borohydrlde  In 
Ansul  Ether  E-181 

General  Discussion 

This  method  Is  based  on  the  measurement  of  the  Infrared  absorption 
of  sodium  borohydrlde  In  Ansul  Ether  E-181  at  4.48  microns.  A  calibration 
curve  Is  prepared  from  the  absorbances  of  known  concentrations  of  sodium 
borohydrlde  and  estimation  of  unknown  samples  Is  made  by  use  of  the  curve. 

A  Beckman  IR-4  Infrared  spectrophotometer  was  used  for  this  analysis. 

Preparation  of  Calibration  Curve 

Prepare  known  concentrations  of  Metal  Hydrides  Company' s  sodium  boro¬ 
hydrlde  In  Ansul  Ether  E-181  ranging  from  0.01  g./lOO  ml.  to  8.0  g./lOO  ml. 
Scan  each  sample  between  6.0  and  2.0  microns  In  a  0.03  ran.  cell.  Calculate 
Che  absorbance  of  each  sample  by  Che  base  line  method  of  analysis,  then 
prepare  a  calibration  curve  from  Che  data  obtained. 
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*  The  base  line  method  of  analysis  is  explained  in  most  texts  on  instru¬ 

mental  analysis  and  is  not  discussed  here. 

Determination  of  Sodium  porohydridg 

To  analyze  for  sodium  borohydride  in  Ansul  Ether  E-181,  fill  a  0.03 
mm.  cell  and  scan  the  sample  between  6  and  2  microns  with  the  same  instru¬ 
mental  settings  as  used  in  preparing  the  calibration  curve.  The  absorbance 
of  the  sample  is  then  calculated  and  the  concentration  obtained  from  the 
calibration  curve. 
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APPENDIX  C 


Physical  Propertlee  of  Boron  Trichloride 

(These  graphs  illustrate  the  conflicting  data 
on  liquid  boron  trichloride  as  reported  in 
various  literature  aourees.) 
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Figure  C~l.  Density  of  Liquid  BCI3 
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APPKNDIX  0 


Bolling  Polnte  of  Boron  Coanoundi  (eee  Figure  D-11 


Compound 

B.P.CO 

T 

Reference 

(1) 

^n**iii 

B2«6 

-92.5 

121.9  -  expt'l  value, 
std.  (B-9.55) 

(b) 

(2) 

»4«10 

17.8 

209.2 

(b) 

(3) 

B5H11 

65 

235.9 

(b) 

(4) 

®10“l4 

213 

335 

(b) 

(5) 

B  H3 

-170 

60.8  esc.  by  plot 
for  B„H. 

(-) 

BR^  (aee  eleo  (5),  above)  uaed  as  cross  check 

<6) 

B(CH3)3 

1 

0 

177.85 

(•) 

(7) 

B(C2H5)3 

95 

294.9 

(c) 

(8) 

B(n-Pr)3 

156 

411.9 

(c) 

BR2CI 

(9) 

B(CH3)2C1 

4.9 

176.05 

(s) 

(10) 

B(C2H5)C1 

78.5 

254.05 

(s) 

(11) 

B(n-Bu)2Cl 

173 

356 

(c) 

(12) 

BH2CI 

-61 

98.05  esc.  by  ploC 
of  BR2CI 

BRCI2 

(13) 

B(CH3)Cl2 

11.1 

174.15 

(s) 

(14) 

B(C2H5)Cl2 

48 

213.25  esc.  from 
B(C2H5)3— BCl 
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Bolling  Points  of  Boron  Compounde  fcont.l 


Comnound 

B.P.CC) 

T 

Reference 

(15) 

B(n-Bu)Cl2 

108 

291.25 

(c) 

(16) 

BHCI2 

-18 

135.25  eat.  from 
BRCl2plot 

(17) 

17  BCI3 

+  12.5 

172.4 

(b) 

Prom  the  line  for  the  series  BH„C13.q  (BH3  —  BCI3), 
the  boiling  point  of  BHCI2  Is  about  -9*C.  Thus,  a  mean  value  of 
-13*C  +  4*C  la  Indicated. 
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(a)  Boron  Hydrides  and  Related  Compounds.  Gallery  Chemical  Company, 
January  8,  1951,  Dept,  of  Navy,  BuAlr,  Contract  N0a(8)  10992. 

(b)  Handbook  of  Chemlatrv  and  Phvslca.  Chemical  Rubber  Publishing 
Company. 

(c)  Coates,  G.  B.,  Organo-Metalllc  Compounds 
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APPENDIX  S 


Activity  of  Hydrochloric  Acid  In  Boron  Trichloride 

(These  graphs  compare  three  sources  of  data  on  the 
activity  of  hydrochloric  acid  in  boron  trichloride) 
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APPENDIX  F 

Semollng  and  AnalvslB  of  Process  Streams 
Preptlot  Plant-BCl3  Hydrogenation  Method 
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APPENDIX  F 

Sempllng  end  Analysis  of  Process  Streams 
Prepilot  Plant-BCl3  Hydrogenation  Method 


1.  Equipment 

A.  Sampling  Arrangements 

The  arrangements  for  sampling  the  prepllot  plant  streams  were  an 
Integral  part  of  the  piping  of  the  prepllot  plant.  Thus,  as  Is  shown  In 
Figure  F-1,  samples  of  flowing  streams  could  be  withdrawn  at  each  of 
five  points: 

Sj^  Reactor  product  (or  absorber  feed) 

$2  Absorber  overhead  gas 

Absorber  bottom  liquid  (l.e.,  liquid  at  operating  press.) 

S3  Dlsproportlonator  overhead  gas 

L2  Dlsproportlonator  bottom  liquid  (l.e.,  liquid 

at  operating  pressure) 

The  respective  points  of  withdrawal  are  Indicated  by  the  appropriate 
letter  designation  of  the  valve  numbers,  S^^R,  S2R,  Lj^R,  S3R,  and  L2R.  In 
addition,  samples  of  the  product  which  were  stored  In  the  product  collector. 
Surge  Tank  Z,  could  be  withdrawn  from  the  process  system  through  the  valve, 

P5. 


Each  valve  for  sample  withdrawal  actually  combined  In  one  body  the 
"stralght'through"  process  stream  with  controlled  take-off  through  the 
needle  valve  seat. 

These  valves  were  specially  designed  to  eliminate  a  space  In  which 
trapped  process  material  en  route  to  the  sampling  line  could  accumulate 
between  the  flowing  process  stream  and  the  closed  seat  of  the  valve.  Right 
angle  valves  were  used. 

An  extra  fitting  was  welded  on  to  the  side  of  each  right:  angle  valve 
body;  and  the  flowing  process  stream  passed  through  the  valve  body  at  all 
times,  keeping  the  valve  seat  flushed. 

The  sampling  manifold  was  common  to  all  five  samples  and  let  to  the 
three  sample  receivers. 

Samples  could  then  be  moved  from  a  receiver  as  desired,  passing  Into 
the  glass  apparatus  at  the  point  on  Figure  F-2  which  Is  marked  "To  Sample 
Tanks,"  From  this  point  It  could  be  led  to  either  the  left  or  to  the 
right  manifold. 
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£j _ Vacuum-Line  Equipment 

The  vacuum- line  equipment  for  measuring  and  manipulating  the  sampled 
materials  is  shown  in  the  schematic  flowsheet  (Figure  F-2). 

The  glass  vacuum  line  equipment  consisted  of  several  large  glass  bulbs 
of  measured  volumes,  various  devices  for  measuring  pressure,  vacuum  and 
temperature,  and  three  different  varieties  of  pumps:  Mechanical  (Welch  Duo- 
Seal),  Mercury  Diffusion, (2)  and  Transfer  (Toepler  Pump).^^)  There 
were  also  a  variety  of  traps  of  varying  efficiencies  depending  upon  their 
usage.  All  stopcocks  were  high  vacuum,  hollow  bore,  and  all  metal-to- 
glass  seals  were  constructed  with  Aplezon  "W"  Wax.  Where  lubrication  was 
found  necessary,  Kel-F  No.  90  stopcock  grease  was  used.  Because  BCI3 
reacts  readily  with  rubber,  a  minimal  amount  of  rubber  tubing  was  used. 

Because  of  Che  low  liquefaction  temperature  of  HCl  and  B2Hg,  high 
efficiency  traps  were  used.  In  construction,  enough  space  was  allowed 
for  placing  large  dewar  flasks  around  each  trap. 

•2  •‘X 

The  mechanical  pump  was  used  to  effect  a  vacuum  of  10  -  10*-'  mm./Hg. 

in  Che  entire  vacuum  line.  These  mechanical  pumps  were  cleaned  frequently 
and  there  was  a  spare  pump  ready  for  use  at  all  times  during  operations  in 
case  of  a  mechanical  failure.  A  separate  mechanical  pump  was  used  Co 
relieve  Che  main  pumps  of  the  Job  of  evacuating  large  quantities  of  waste 
gases  and  Co  prevent  the  formation  of  mercury  chlorides  in  Che  mercury 
diffusion  pump.  Two  large  liquid  nitrogen  Craps  were  placed  before  each 
mechanical  pump  in  the  vacuum  system  Co  prevent  contamination  of  Che  pump 
oil. 


The  mercury  diffusion  pump  should  not  be  started  until  the  mechanical 
pump  has  attained  at  least  10~2  mn./Hg.  Water  or  other  high  boiling 
liquids  occasionally  prevented  a  good  vacuum  from  being  achieved;  heating 
Che  entire  area  of  contamination  eliminated  this  trouble.  A  vacuum  of 
10*^  mm./Hg.  could  easily  be  reached  normally. 

2.  Sampling  Procedures 

A.  Transfer  to  Surge  Tanks 

Four  of  Che  five  samples  of  flowing  process  streams  were  transferred 
Co  the  surge  tanks  through  Che  common  sample  manifold  which  is  shown  in 
Figure  F-1.  Before  each  use,  this  manifold  was  purged  with  N2,  then 
evacuated  Co  a  constant  negative  gauge  pressure  which  approximated  atmos¬ 
pheric  pressure  as  nearly  as  could  be  shown  by  the  mercury  manometer  which 
was  used. 


(1)  Will  Corporation. 

(2)  Delmar  Scientific  Laboratories,  DS-7050. 

(3)  Delmar  Scientific  Laboratories,  DS-7030. 
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During  the  time  of  sampling  from  the  process  system  the  opening  of  the 
sampling  valve  was  controlled  to  allow  the  pressure  within  the  sampling 
line  and  the  surge  tank  to  build  up  at  a  controlled  rate.  The  rate  of 
sampling  was  always  kept  below  that  rate  which  would  cause  a  change  In  the 
pressure^  or  a  change  In  the  liquid  level  In  that  part  of  the  equipment 
from  which  the  aample  was  being  withdrawn. 

The  fifth  of  the  five  8aaq>le8  of  flowing  process  streams,  the  dlapro- 
portlonator  overhead  gas,  S3,  was  drawn  directly  Into  the  glassware  and  was 
not  stored  In  a  surge  tank  since  the  flow  at  this  point  was  small. 

_ Transfer  to  Glass  Vacuum-Line  Equipment 

Transfer  of  a  gas  sample  to  the  glass  vacuum°llne  equipment  was 
always  Into  one  of  the  two  manifolds. 

The  rate  of  transfer  was  governed  by  the  regulation  of  the  stainless 
steel  valve  at  the  sample  receiver.  Progress  of  the  transfer  operation 
was  noted  by  watching  the  rise  In  glass  manifold  pressure  as  Indicated  by 
the  mercury  level  In  the  manometer  to  which  It  was  connected. 

Before  each  transfer  to  the  glass  vacuum- line  equipment,  the  pressure 
In  the  manifold  and  connecting  lines  was  reduced  to  10~^  mm.  Hg. 

£• _ Measurement  of  Sample  Size 

The  size  of  the  sample  which  was  collected  In  the  right  or  left  mani¬ 
fold  was  measured  In  all  Instances  except  when  It  was  Intended  to  withdraw 
a  portion  directly  Into  the  Infrared  sampling  tube.  To  permit  such 
measurement,  the  volumes  of  the  manifolds  had  been  predetermined. 

The  volumes  of  the  manifolds  and  reservoirs  were  calculated  from  the 
difference  between  the  weight  when  evacuated  and  the  weight  when  filled 
with  water.  These  known  volumes  were  In  turn  used  to  calibrate  other 
manifolds  by  the  transference  of  dry  nitrogen  from  a  calibrated  manifold 
to  a  manifold  of  unknown  volume  at  measured  temperatures  and  pressures. 

In  this  manner,  all  volumes  used  were  calibrated  with  several  known 
volumes  as  well  as  against  each  other.  If  the  volumes  to  be  calibrated 
Included  a  manometer,  a  correction  was  made  for  the  degree  of  deflection 
of  the  mercury  level.  All  temperatures  were  measured  by  ordinary  ther¬ 
mometers  taped  on  the  outside  of  the  manifolds.  All  pressures  were 
measured  by  mercury  manometers.  The  approximate  accuracy  of  all  volumes 
obtained  by  the  transfer  of  nitrogen  was  ±  3X. 

At  the  time  of  actual  measurement  all  stopcocks  leading  to  the  mani¬ 
fold  were  closed  and  measurements  of  the  pressure  and  temperature  were 
taken.  The  number  of  moles  of  gaseous  sample  could  then  be  calculated 
assuming  the  Ideal  gas  law. 
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iL _ Disposition  of  Samplee 

Four  regular  analytical  procedures  were  performed  to  determine  the 
qualitative  and  quantitative  make-up  of  these  gas  samples.  These  were: 

(1)  Infrared  absorption 

(2)  Fraction  non-condensable  at  -196*C 

(3)  Gas  evolution  (H2)  upon  hydrolysis  of  -196"C  condensate 

(4)  Titrations  of  dissolved  hydrolysis  products  after 
hydrolysis  of  -196*C  condensate 

_ Infrared  Analyses 

A.  Equipment 

Samples  of  gas  for  infrared  analysis  either  were  drawn  directly  through 
the  right  or  left  manifold  into  a  gas  absorption  cell  or  were  drawn  Into 
the  evacuated  absorption  cell  from  the  manifold.  The  absorption  cells  were 
10  cm.  long,  having  sodium  chloride  windows  sealed  with  glyptal. 

The  Infrared  spectrometer  had  been  made  by  Perkln-Blmer  and  was  their 
Model  No.  112.  It  was  found  satisfactory  for  these  routine  analyses. 

_ Calibrations 

Calibrations  were  made  using  American  Potash  &  Chemical  Corporation 
BCI3,  Matheson  Company,  Inc.  HCl,  and  Gallery  Chemical  Company  B2Hg.  The 
gases  were  calibrated  singly  and  in  the  presence  of  other  gases  Including 
H2  and  BHCI2  to  determine  any  pressure  broadening  effects. 

All  accuracy  and  precision  values  are  liberal  estimates  and  all  data 
are  peculiar  to  the  particular  infrared  spectrometer  that  was  used. 

Extinction  coefficients  for  BHCI2  were  obtained  from  literature  and 
averaged: (lj2) 

BHCl,  (3.9 yu)  -  17.16  x  10’^ 

(9.1  yu)  -  39.7  x  10"^ 

Any  errors  Introduced  by  Introduction  of  these  coefficients  have  been  con- 
sldered  negligible  since  no  constant  differences  can  be  observed  when 
comparisons  are  made  with  other  data.  No  pressure  broadening  effects  were 
observed  for  BHCI2  upon  the  addition  of  other  gases.  Because  of  a  random 
drift  In  the  spectrometer,  only  approximate  wavelengths  could  be  deter¬ 
mined.  Errors  resulting  from  temperature  and  pressure  measurements  were 
considered  essentially  negligible. 


(1)  Private  Communication,  U.  S.  Industrial  Chemicals  Co. 

(2)  Olin  Mathleson  Chem.  Corp.  Report  No.  MCC-1023-TR  128,  4  May  1955. 
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_ Typical  Curvet 

Typical  Infrared  spectra  of  samples  from  Che  AFN  prepllot  plant  are 
shown  In  Figures  F-3  and  F-4.  Analytical  bands  used  are  marked  with  an 
asterisk  and  all  baselines  are  constructed. 

JL _ Special  Features 

Cell  deposits  of  boric  acid  and  glypCal  appeared  on  the  sodium  chloride 
windows  but  they  did  not  Interfere  with  any  of  Che  analytical  bands.  Inter- 
ferences  of  carbon  dioxide  and  water  were  present  but  minimized  by  flushing 
Che  spectrometer  with  dry  air.  No  samples  showed  Impurities  of  silane^ 
phosgene^  carbonyls,  high  boranes,  or  any  of  Che  Impurities  often  found  In 
Che  raw  materials. 

A  special  mixing  device  was  successfully  used  to  determine  Che  Infra¬ 
red  absorption  of  sanq;iles  which  had  been  condensed  before  transferring  Co 
Che  Infrared  absorption  cell.  This  special  flask  Is  sketched  In  Figure 
F-5. 


The  complete  sample  was  condensed  through  Stopcock  "A”  Into  the  Inner 
Cube.  The  condensed  sample  was  Chen  allowed  to  warm  after  Che  stopcock 
was  closed.  The  mercury  level  was  Chen  alternately  raised  and  lowered 
In  Che  250  ml.  outer  flask  by  operation  of  Che  leveling  bulb.  This 
action  agitated  and  mixed  Che  gaseous  mixture.  » 

An  alternate  mixing  apparatus  consists  of  a  large  manifold  into  which 
has  been  sealed  an  aluminum  foil  ball.  When  Che  manifold  is  gyrated, 

Che  motion  of  Che  loose  ball  thoroughly  mixes  Che  gases. 

Ai _ Determination  of  Non-Condensables  at  -196*C 

The  amount  of  gss  which  was  non- condensable  at  -196*C  was  determined 
by  drawing  Che  contents  of  Che  left  or  right  manifold  slowly  through  an 
efficient  Crap  which  was  Immersed  in  a  Dewar  flask  filled  with  liquid  N2. 

Before  Che  pumping  was  begun,  Che  amount  of  gas  in  Che  manifold  was 
measured  as  described  earlier. 

The  non- condensable  gas,  which  was  considered  Co  be  H2,  was  pumped 
into  Che  appropriate  right  or  left  hydrogen  reservoir  by  a  Toepler  pump. 

After  collection  in  Che  calibrated  hydrogen  reservoir,  measurements  of 
pressure  and  temperature  were  recorded  which  enabled  calculation  of  Che 
quantity. 

The  Toepler  transfer  pumps  were  used  only  to  remove  hydrogen  from 
a  condensed  sample  and  place  it  in  a  calibrated  volume  for  measurement. 

A  mechanical  pump  and  relay  were  used  Co  operate  each  Toepler  pump.  Each 
transfer  pump  was  exactly  vertical  Co  facilitate  efficient  functioning  of 
the  valves.  After  each  sample  of  hydrogen  was  completely  transferred  by 
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Figure  F-4.  Typical  Infrared  Spectra  of  Samples  from  AFN  PreplloC  Plant 


CONFIDENTIAL 


ASD-TDIW2-10aj 
Volume  in  ot  Y 
June  1962 


Figure  F-5.  Special  Flask  for  Mixing  Gas  Sample  Obtained 
by  Vaporization  of  Condensed  Phase 
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the  Toepler  pump,  the  mercury  was  allowed  to  rise  through  the  outlet  valve 
to  a  mark  indicating  where  the  level  of  the  mercury  was  at  the  time  of 
calibration  of  the  volume.  The  pressure  was  then  measured  and  the  amount 
of  hydrogen  calculated. 

The  accuracy  of  this  method  of  analysis  is  dependent  upon  the  accuracy 
of  the  volume  calibrations  and  the  r^easurements  of  the  temperatures  and 
pressures.  The  accuracy  is  estimated  at  approximately  +  5%.  Other  coolant 
temperatures  have  been  unsuccessfully  used  in  attempts  to  obtain  further 
separation  among  the  components  of  the  original  gas  mixture. 

5.  Analytical  Chemical  Procedures 

Ai _ 

By  hydrolyzing  a  measured  amount  of  sample,  several  analyses  can  be 
made  on  the  hydrolysis  products.  The  following  reactions  occur  when  a 
typical  sample  is  hydrolyzed: 

BjHg  +  6H2O  —  2H3BO3  +  6H2 

BCI3  +  JHjO - -  H3BO3  +  3HC1 

BHClj  +  3H2O - H3BO3  +  2HC1  +  H2 

All  of  the  hydrolysis  products  were  determined  to  enable  calculation 
of  the  composition  of  the  original  gaseous  mixture. 

B.  Vaporization  and  Transfer  to  Hydrolysis  Flask 

After  the  non- condensables  were  measured,  the  condensate  in  the  cold 
trap  was  allowed  to  warm  and  then  recondense  into  an  evacuated  hydrolysis 
flask  (Figure  F-6)  containing  50  ml.  of  ice  cooled  by  immersion  in  liquid 


C.  Gas  Evolution  Upon  Hydrolysis 

The  flask  was  then  sealed  and  warmed  and  the  sample  was  allowed  to 
hydrolyze  with  occasional  agitation  for  4-8  hours  to  ensure  total  hydrolysis. 
The  water  was  then  refrozen  and  the  H2  removed  via  a  Toepler  pump  to  a 
calibrated  reservoir  where  it  was  measured  and  calculated  as  H2  from 
hydrolysis. 

The  factor  in  this  method  of  analysis  which  limits  sample  size  is  the 
volume  of  the  hydrolysis  flask.  By  condensing  several  successive  samples 
of  the  same  composition  in  the  same  hydrolysis  flask  and  measuring  the  H2 
from  the  reaction  of  the  total,  a  great  amount  of  sample  can  be  used, 
thereby  increasing  the  accuracy  and  range. 
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4  mm. 


Figure  F-6.  Special  Flask  for  Hydrolyzing  Condensable  Components 
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There  heve  been  indications  that  the  hydrolysis  of  B2Hg  is  not 
instantaneous.  The  approximate  accuracy  of  this  analysis  is  +  lOX. 

D.  The  Boron  Titration 

Boric  acidj  being  very  weak^  cannot  be  determined  by  acid-base  titra¬ 
tion.  However^  a  highly  acidic  complex  is  formed  by  the  addition  of 
mannitol.  The  boron-mannitol  complex  can  be  titrated  with  standard  base 
giving  a  direct  determination  of  boron. 

An  appropriate  aliquot  of  the  solution  of  hydrolyzed  sample  remaining 
after  the  H2  from  hydrolysis  has  been  determined  was  neutralized  to  a  pH 
of  6.  Mannitol  was  added  in  abundance  and  the  resulting  acidity  was 
titrated  with  standard  0.1  ji  NaOH  to  a  pH  of  8. 

The  result  of  this  titration  is  the  sum  of  H2BO3  arising  from  the 
hydrolysis  of  BCI3,  HBCl2>  and  B2Hg.  The  amount  of  BCl^  can  be  calculated 
using  values  of  BHCI2  and  B2Hg  previously  determined  by  infrared  analysis 
and  the  hydrogen  evolved  from  hydrolysis. 

_ The  Acid  Titration 

By  titrating  with  standard  0.1  ji  NaOH  to  a  pH  of  6  an  appropriate 
aliquot  of  a  sample  obtained  from  the  hydrolysis  of  a  known  amount  of 
gaseous  mixture,  a  measurement  of  the  hydrogen  ion  concentration  was 
obtained.  The  resultant  value  is  the  sum  of  the  free  HCl  present  in  the 
original  mixture  and  the  HCl  resulting  from  the  hydrolysis  of  BHCI2  and 
BCI3.  Since  the  amount  of  BHCI2  was  previously  determined  either  by 
infrared  analysis  or  by  the  H2  from  hydrolysis  or  by  both,  and  the  amount 
of  BCI3  was  known  from  infrared  analysis  and  the  boron  titration,  the 
amount  of  free  HCl  could  be  calculated. 

An  alternate  method  for  the  analysis  of  HCl  was  also  used.  This  was 
the  direct  determination  of  the  chloride  ion  by  the  classical  Volhard 
Method.*  This  method  was  found  to  be  especially  satisfactory  for  liquids 
having  a  low  chloride  ion  content.  The  calculation  of  results  is  similar 
to  that  of  the  acid-base  titration. 

A  small  amount  of  free  HCl  could  not  be  determined  in  the  presence 
of  large  amounts  of  BCI3  and  BHCI2. 


*  Scott,  Wilfred  W.,  Standard  Methods  of  Chemical  Analysis.  Vol.  I, 
pp.  271,  D.  Van  Nostrand  Co.,  Inc.,  New  York,  1956. 
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_ Sample  CalculattonB  of  Anelvtlcal  Results 


A.  General 


The  following  molar  relationships  exist  between  analytical  results 
and  composition  of  the  original  mixture: 


Condensables  (at  -196*C) 
Condensables  (at  -196*C) 
Boron  Titration  Value 
HCl  Acid  Titration  Value 
H2  from  Hydrolysis 


Total  Sample  -  H2 
HCl  +  BHCI2  +  B2H^ 
BHCI2  +  BCI3  + 

HCl  +  2BHCI2  +  3BCI3 
BHCI2  +  t*B2Hg 


These  equations  can  be  solved  simultaneously  or  by  the  substitution 
of  the  Infrared  values  for  some  of  the  unknown  compounds. 


However,  Infrared  results  usually  Indicated  an  absence  of  one  or 
more  of  the  gaseous  components.  This  enabled  the  stepwise  calculation 
of  each  of  the  components  from  the  above  relationships. 


B.  Reactor  Product,  S^,  Run  130A  at  35  Min. 


g)  Infrared  Analysis 

The  absorption  cell  for  Infrared  analysis  was  filled  at  the 
same  time  as  the  manifold.  At  the  conclusion  of  filling  and  at  the  tlmf 
the  cell  was  closed  off,  the  pressure  was  613.5  mm.  By  standard  methods 
of  measurement  and  calculation,  the  Infrared  absorption  curve  (similar 
to  Figure  F-3)  was  Interpreted  to  show: 


BCI3  127  mm.  Hg. 

BHCI2  30.6  mm.  Hg. 

B2Hg  0.0  mm.  Hg. 

CO2  Present 

HCl  Present 


Calculated  for  Incorporation  in  Table  F-1: 


BCI3  -  127  T  613.5  -  20. 7X 

BHCI2  -  30.6  5  613.5  -  4.99T 

HCl  assumed  equal  to  BHCI2 

(21  Hon-Condensables 


Calibrated  Manifold  Volume 

Pressure 

Temperature 

Volume  Increase  Due  to 
Manometer  Liquid  Deflection 


1098  ml. 

613.5  mm.  Hg. 
23.0*0 


613.5 

40 


15.34  ml. 
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Total  sample  -  ^^^6^37 mtlltmolea 

The  non- condensable  gas  was  collected  in  a  reservoir  whose  volume 
was  2714  ml. 


Pressure: 

130  mm.  Hg. 

Temperature: 

18.5“C 

Non-Condensable 

130  X  2714 

-  19.40 

millimoles 

62.37  X  291.6 

Condensable 

-  36.97  -  19.40 

-  17.57 

millinrales 

Calculated  for  incorporation  in  Table  F-1: 

19.40 

X  Non-Condensables  ■  36.97  “  52. 5Z 

SH _ Gas  Kvolution  Upon  Hydrolvais 

Volume:  111.7  ml. 

Pressure:  277.5  am.  Hg. 

Temperature:  18.0*C 

H  Gas  -  .  1.71  millimoles 

2  62.37x291.1 

Calculated  for  incorporation  in  Table  F-1: 

X  BHCI2  -  -  4.62% 

since  there  was  (by  infrared)  no  62!!^  in  this  sample. 


SJul _ P9)f9n  TUMt^pn 

80.50  ml.  of  0.1032  N2  NaOH  were  required,  hence 
Total  B  -  80.50  x  0.1032  •  8.31  millioioles 

Subtracting  B  which  came  from  BHCI2, 

BCI3  -  8.31  -  1.71  -  6.60  millimoles. 

Calculated  for  incorporation  in  Table  F-1: 

*  "“3  ■  sftl?  - 

Note;  This  differs  from  the  titration  value  for  X  BCl^  as  given  in  Tabl*^  F  ) 
which  is  17.4%.  Unfortunately,  all  "titration"  values  for  %  BCI3  ).)i 
Runs  903  through  1401  are  in  error  for  the  same  reason,  namely  tha^ 
the  wrong  value  was  used  for  gas  law  constant  in  calculating 
of  gas  from  P-V-T  measurements.  This  error  was  discovered  too  la!.« 

•  justify  changing  the  Tables.  Its  effects  on  the  argument  and  '.ha  cqc 

elusions  of  this  report  are  slight,  however,  as  is  shown  in  Appandi>.  H 
Internal  Consistency  of  Analytical  Results. 
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(5)  HCl  Tltretion 

244.1  ml.  0.1032  £  NaOH  were  required,  hence. 

Total  Cl  «  242.5  x  0.1032  -  25.03  milliequivalenCa. 

Subtracting  Cl  due  to  BHCI2  and  Cl  due  to  BCI3, 

HCl  -  25.03  -  2  X  1.71  -  3  x  6.60  -  1.81  millimoles 

Calculated  for  incorporation  in  Table  F-1: 
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AfjSfflLM-S 

Details  of  Proceas  Apparatus  -  Dlborane  Prepilot  Plant 


This  section  Is  devoted  to  presenting  the  details  of  the  process 
apparatus  which  made  up  the  Integrated  prepllot  plant. 


1.  Hydrogen  Pre-Treatment 

The  schematic  flowsheet  In  Figure  F-l  of  Appendix  F  shows  that  the 
hydrogen  from  the  supply  cylinder  passes  through  a  deoxygenator,  a  cooler, 
a  dryer,  and  a  porcelain  filter  before  going  to  the  flow  regulating  vslve 
or  orifice.  The  pressure  In  this  pre-treatment  train  was  maintained  con¬ 
stant  at  280  psl  absolute. 

The  deoxygenator  consisted  of  a  welded  section  of  stainless  steel  pipe 
In  which  was  a  rolled-up  piece  of  ordinary  copper  screening.  This  tube  wss 
heated  Inside  a  Glo-Bar  electric  furnace,  whose  electricity  supply  was 
controlled  by  on-off  regulation  to  maintain  at  1000*F.  the  Junction  of  a 
*  thermocouple  which  was  placed  near  the  wall  of  the  stainless  steel  tube. 

The  cooler  was  a  coll  of  1/4  Inch  O.D.  stainless  steel  tubing  which 
was  Immersed  In  running  cold  water. 

The  dryer  was  a  welded  section  of  stainless  steel  pipe  In  which  was 
packed  silica  Gel  which  had  been  Impregnated  to  Indicate  wetness  by  under¬ 
going  a  color  change.  The  Silica  Gel  contents  of  the  dryer  were  often 
Inspected  between  runs  to  Insure  that  their  drying  action  was  not  exhausted. 

The  porcelain  filter  wss  a  commercially  supplied  assembly  In  which  the 
porous  element  was  of  extreme  fineness. 

2.  BCI3  Supply 


The  schematic  flowsheet  In  Figure  F~1  of  Appendix  F  shows  that  the 
BCI3  supply  cylinder  was  Installed  so  ss  to  be  pressurized  by  nitrogen 
at  nitrogen  manifold  pressure  and  so  ss  to  have  Its  level  constantly 
visible  In  the  external  sight  level  Indicator.  The  external  sight  level 
Indicator  was  a  Jergusson  gauge  of  commercial  design  for  pressure  ser¬ 
vice.  A  threaded  hole  In  the  bottom  of  the  BCI3  cylinder  permitted  the 
piping  arrangement  to  be  made  which  Is  shown  In  the  flowsheet. 

All  of  the  BCI3  flow  from  the  BCI3  supply  cylinder  passed  through 
a  piece  of  porous  Teflon  which  was  mounted  In  a  filter  flange  of  special 
design. 
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1m _ Flowmeters 

The  recording  orlflce-type  flowmeters  consisted  of  specially  mounted 
orifice  plates^,  Foxboro  dP  cells  for  sensing  the  pressure  drop  and  trans¬ 
mitting  a  control  air  pressure  signal,  and  Foxboro  recorders  which 
received  the  signal  and  recorded  the  pressure  drop  on  circular  charts. 

The  clock  motor  provided  one  revolution  each  30  minutes,  so  that  a  sensitive 
response  to  changes  In  flowrate  could  be  made  by  the  operator. 

ib _ Hydrogenation  Reactor 

The  silver  screens  which  were  used  as  catalyst  In  the  hydrogenation 
reactor  had  been  punched  to  1/2  Inch  diameter  from  20  stesh,  0.014  Inch 
diameter  wire,  which  had  been  procured  either  from  the  Newark  Wire  Cloth 
Company  or  the  Cleveland  Wire  Cloth  Company.  The  screens  were  packed 
throughout  the  length  of  the  reactor  at  a  density  of  about  forty  screens 
per  Inch. 

The  thermocouples  In  both  the  Inlet  and  the  outlet  heads  of  the 
reactor  were  quick  response,  shielded  thermocouples  from  Conax  Corpora¬ 
tion  of  Buffalo.  Each  was  placed  with  the  hot  junction  In  the  middle  of 
the  flowing  gas  stream  at  Its  point  of  maximum  velocity.  The  portions  of 
these  couples  which  were  exposed  to  the  flowing  gases  were  silver-plated 
to  avoid  contamination  of  the  other  parts  of  the  all-silver  system. 

5.  Qulck-Quench 

The  reactor  products  passed  directly  Into  and  through  a  water-cooled 
"quick  quench."  This  consisted  of  a  length  of  1/4  Inch  0. D.  stainless 
steel  tubing  Into  which  had  been  fitted  a  silver  sleeve  and  outside  of 
which  was  a  close  fitting  jacket  supplied  with  cooling  water.  The  length 
of  the  cooled  section  was  ten  Inches. 

6.  Absorber 

The  assembly  drawing  of  the  absorber  Is  shown  as  Figure  G-1. 

The  absorber  was  fabricated  from  one-inch  diameter,  stainless  steel 
pipe,  to  which  stainless  steel  flanges  were  welded  and  then  "trued"  by 
machining  to  Insure  perfect  vertical  alignment  when  Installed. 

The  0. 16"  X  0. 16"  Cannon  protruded  packing  was  supported  by  perforated 
plates  containing  19  holes  each  1/8  Inch  In  diameter.  Provision  was  made 
for  a  height  of  15  Inches  of  packing  below  the  feed  section  and  for  a 
height  of  21  Inches  of  packing  above  the  feed  section,  The  Inlet  BCI3  was 
distributed  onto  the  middle  of  the  upper  packed  section  directly  by  the 
bent,  welded- In  Inlet  tube  In  the  top  head. 
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The  liquid  reaching  the  lower  packed  section  was  at  first  not  specially 
redistributed.  Vfhen  a  redlstrlbutor  was  Installed,  Its  location  and  appear¬ 
ance  were  as  shown  In  Figure  G-1. 

The  stripping  hydrogen  Inlet  was  the  fitting  attachment  which  Is  shown 
Just  below  the  lower  packing  support,  and  above  the  Pyrex  sight  glass  on 
the  bottom  of  the  column. 

The  sight  glass  on  the  bottom  of  the  column  was  a  two  Inch  length  of 
standard  one-inch  Pyrex  pipe. 

Z< _ Dlsproportlonator 

The  assent ly  drawing  of  the  dlsproportlonator  Is  shown  as  Figure  G-2. 

The  condenser  section  of  this  unit  was  fabricated  from  four  Inch 
stainless  steel  pipe.  The  rectification  section  was  fabricated  from  two 
Inch  stainless  steel  pipe.  The  two  sections  were  Joined,  as  shown,  by  a 
4"  X  2"  concentric  welding  reducer. 

The  condenser  section  was  packed  with  three  separate  concentric  double 
colls  of  1/4  Inch  O.D.  stainless  steel  tubing.  The  Inlet  and  outlet  of 
each  coll  passed  through  the  flanged  head  and  were  fastened  to  It  by 
welding.  The  three  coll  Inlets  were  manifolded  and  the  three  coll  outlets 
were  manifolded  so  that  coolant  flow  through  the  Individual  colls  was  In 
three  parallel  paths.  Pressure  drop  through  the  three  parallel  colls  was 
maintained  at  more  than  20  pounds  per  square  Inch  In  order  to  Insure  that 
the  coolant  flowed  at  satisfactorily  high  velocities  In  each  coll.  The 
total  length  of  condenser  tubing  was  52  feet.  A  disc  baffle  was  placed 
Inside  the  bottom  of  the  inner  coll  to  prevent  the  up-flowing  gas  from 
having  a  direct  route  to  the  outlet. 

The  packing  In  the  dlsproportlonator,  which  was  of  the  same  material 
as  the  packing  In  the  absorber,  was  supported  on  two  perforated  plates, 
each  having  one-eighth  Inch  perforations  triangularly  spaced  on  3/16  Inch 
spacing.  The  upper  packed  section  was  18  Inches  high.  The  lower  packed 
section  was  30  Inches  high.  No  special  arrangements  were  made  for  distri¬ 
bution  of  liquid  onto  the  top  of  the  packing  In  either  section. 

The  vapor  was  supplied  by  boiling  the  bottoms  BCI3  by  use  of  a 
Chromalox  electric  Immersion  type  heater  of  750  watts  nominal  capacity. 

The  electrical  Input  to  the  heater  was  supplied  by  Powerstat  variable 
voltage  transformer,  but  the  voltage  was  not  varied  during  the  course 
of  the  runs.  A  measurement  of  voltage  and  amperage  showed  the  actual 
power  Input  had  been  about  630  watts. 

The  level  of  liquid  within  the  dlsproportlonator  boiler  section  was 
visible  In  the  Jergusson  sight  gauge,  which  was  connected  as  Is  shown  In 
Figure  F-1  of  Appendix  F. 
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The  loss  of  hesC  from  the  dlsproportlonator  contents  was  minimized 
by  use  of  electric  resistance  wire  In  the  thermal  Insulation  which 
covered  all  but  the  condenser  section.  The  length  of  resistance  wire 
was  such  as  was  calculated  to  provide  about  80  watts  at  normal  line 
voltage.  This  was  the  magnitude  of  the  heat  loss  through  the  Insulation 
which  was  estimated  to  occur  when  the  wire,  or  the  metal  wall,  would  be 
at  the  temperature  of  BCl^  when  boiling  under  90  psl  absolute. 

The  loss  of  cold  from  the  condenser  was  similarly  minimized  by  wrap¬ 
ping  colls  of  tubing  to  carry  flow  of  the  refrigerated  coolant  under  the 
thermal  Insulation  which  was  used. 

Refrigeration  of  the  circulating  coolant  was  accomplished  In  three 
different  ways. 

First,  when  the  temperature  was  desired  only  as  cold  as  Ice  water, 
water  was  circulated  through  a  100-gallon  Insulated  tank  Inside  of  which 
was  a  large  expansion  coll  from  a  refrigerator  compressor.  The  required 
coolant  capacity  was  greater  than  that  of  the  refrigeration  compressor, 
so  the  compressor  was  allowed  to  run  overnight  preceding  the  run,  thereby 
building  up  an  adequate  reservoir  of  Ice  In  the  Insulated  tank. 

Second,  when  a  temperature  approaching  that  of  dry  Ice  was  desired, 
solvent  grade  trichloroethylene  was  circulated  through  the  annular  space 
between  a  large  container  of  dry  Ice  and  solvent  and  the  Insulated  wall  of 
a  tank.  Dry  Ice  was  not  evaporated  directly  In  the  circulating  solvent 
because  this  led  to  solution  of  much  CO2  which,  under  conditions  of 
reduced  pressure  In  the  suction  piping  to  the  pump,  would  come  out  of  solu¬ 
tion  and  cause  the  solvent  to  stop  circulating.  The  temperature  attainable 
by  this  Indirect  cooling  technique  proved  less  than  was  later  desired, 
hence  a  third  arrangement  was  then  Installed. 

The  third  arrangement  provided  for  the  circulation  of  solvent  which 
was  chilled  by  direct  contact  with  dry  Ice.  Sufficient  pressure  to  over¬ 
come  vapor  binding  In  the  sump  suction  piping  was  generated  by  placing 
the  solvent-dry  Ice  tank  on  the  laboratory  floor  above  the  prepllot  plant 
and  cutting  a  hole  through  the  floor  for  the  connecting  piping.  Even 
with  this  added  pressure,  this  piping  system  gave  trouble  until  the  pump 
was  mounted  on  a  vertical  axis  so  that  there  was  no  horizontal  run  between 
the  supply  tank  and  the  pump  suction. 
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APPENDIX  H 

Internal  Constatencv  of  Analytical  Results 


1.  Purpoaea 

The  purpoaea  of  studying  the  Internal  consistency  of  the  analytical 
results  In  this  Investigation  were  to  validate  analytical  determinations 
of  the  same  quantity  aiade  by  different  methods  and  to  estimate  the  over¬ 
all  accuracy  of  conclusions. 

2.  Bases  for  Study  of  Internal  Consistency 

The  principal  basis  for  studying  the  Internal  consistency  of  the  analy¬ 
tical  results  Is  the  owterlal  balance  assumption  that  In  the  process  system 
"Input"  equals  "output". 

The  other  basis  Is  the  comparison  of  Infrared  results  with  condensation 
and  "wet  method"  results  determined  on  the  same  samples. 

To  study  the  consistency  of  reactor  products  analyses  with  reactor 
feed  H2  and  BCI3  flowrate  measurements.  It  was  assumed  that  all  the  B 
which  entered  the  reactor  as  BCI3  left  the  reactor  as  either  BCI3  of  BHCI2; 
similarly,  that  all  the  Cl  which  entered  as  BCI3  left  as  BCI3,  BHCI2  or 
HCl.  This  assumption  can  be  cross-checked  and  found  to  be  reasonable  by 
calculating  whether  the  Cl:B  ratio  In  reactor  products  remained  3:1  as 
determined  by  the  wet  method.  This  assumption  was  also  cross-checked  by 
the  fact  that  neither  corrosion  products  nor  boron  degradation  products 
were  found  In  the  reactor  nor  In  the  connecting  piping. 

To  study  the  consistency  of  the  reactor  product  analyses  with  the  dls- 
proportlonator  product  analyses,  we  must  also  consider: 

A.  The  question  whether  all  the  B'H  bonded  boron  which 
entered  In  the  dlsproportlonator  feed  left  In  the 
dlsproportlonator  product  gas. 

B.  The  possibility  that  BHCI2  was  reconverted  to  BCI3 
and  H2  by  "back  reaction"  with  HCl. 

C.  The  accuracy  of  the  applicable  flowrate  measurements. 

The  fact  that  In  at  least  12  runs  some  of  the  B-H  bonded  boron  which 
entered  the  dlsproportlonator  remained  therein  as  liquid  B2H^-HCl  mixture 
on  the  condenser  leaves  only  a  few  runs  which  can  be  used  to  study  the 
consistency  of  the  reactor  product  analyses  with  the  dlsproportlonator 
product  analyses. 
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The  possibility  Chat  BHClo  vas  reconverted  to  BCl^  nnd  Ho  by  back 
reaction  In  the  dlsproporClonator  can  be  ruled  out,  because  Che  amount  of 
H2  In  Che  dlsproporClonator  overhead  gas  was  approximately  Che  amount  which 
corresponds  Co  Che  known  solubility  of  H2  In  BCI3  as  In  Che  absorber 
bottoms.  However,  It  cannot  be  similarly  ruled  out  Chat  back  reaction 
occurred  In  Che  absorber  without  citing  as  evidence  a  material  balance  cal¬ 
culation  whose  validity  depends  on  Che  consistency  of  Che  reactor  product 
analyses  with  Che  dlsproporClonator  product  analyses. 

The  accuracy  of  Che  reactor  product  flowrate  sieasuremenCs  can  be 
partially  tested  by  calculation  of  feed  H:BCl3  ratios  from  analysis  of 
reactor  product  gas,  as  was  discussed  above.  The  accuracy  of  Che  dlspro- 
porClonaCor  gas  product  flowrate  measurements  can  be  estimated  more 
directly  from  run  measurements  Chan  can  any  of  Che  other  flowrates. 

Another  check  of  this  rate  Is  comparison  of  Che  calculated  flowrate  of 
H2  In  dlsporporClonaCor  product  gas  with  Che  flowrate  of  dissolved  H2  In 
Che  absorber  bottoms,  as  calculated  by  multiplying  Che  known  solubility 
of  H2  In  BCI2  times  Che  calculated  flowrate  of  absorber  bottoms  liquid. 

3.  Samples  from  Two- Phase  Reactor  Product  Stream 

Abstract  of  this  section;  Some  of  the  reactor  product  gas  condensed 
In  Che  process  piping  before  Che  point  of  sampling  In  18  of  Che  25  Inte¬ 
grated  preplloC  plant  runs.  However,  In  only  ten  of  these  Is  the  probable 
error  serious  enough  Chat  Che  reactor  product  analytical  results  should 
not  be  used  In  calculations.  These  are: 

Runs  906,  908,  1101,  1102,  1103,  1104,  1203.  1204,  1304  and  1305 

Obtaining  a  representative  saisple  from  a  two-phase  process  stream 
offers  difficulties  which  are  well  known.  Unless  very  special  mechanical 
arrangements  are  provided,  the  differing  momentum  and  wetting  character¬ 
istics  of  Che  two  phases  cause  them  Co  be  sampled  In  a  different  ratio 
from  Chat  In  which  they  are  flowing  In  Che  process  stream. 

For  Che  Integrated  preplloC  plant  runs  of  this  Investigation,  Che 
piping  and  sampling  valves  were  designed  with  recognition  of  Che  fact  Chat 
at  the  desired  H2/BCI2  ratio  of  3.0  Che  dew  point  of  Che  reactor  product 
stream  would  be  about  76*F.  when  Che  operating  pressure  was  103  psl  absolute. 
However,  It  was  Intended  Chat  operating  H2/BCI3  ratios  and  stream  tempera¬ 
ture  would  be  such  as  to  avoid  condensation  of  a  second  phase. 

It  was  found  that  In  18  of  Che  25  runs  Che  temperatures  Co  which  Che 
reactor  products  were  cooled,  either  at  quick  quench  exit  or  at  Che 
sampling  point,  were  below  the  dew  points  of  Che  reaction  product  stream. 
This  occurred  In  Che  early  runs  In  which  Che  H2/BCI3  ratio  unintentionally 
dropped  below  2.8.  It  occurred  In  the  later  runs  when,  with  Che  combination 
of  lower  than  3.7  ratio  of  H2/BCI3  and  lower  flowrates,  Che  decreasing 
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temperature  of  the  cooling  water  produced  lower  quick  quench  exit  tempera¬ 
tures.  By  the  time  the  flowrate  was  again  increased  for  Runs  1302-1401, 
the  cooling  water  temperature  was  even  lower,  and  no  steps  were  taken  to 
raise  it. 


On  the  other  hand,  the  reactor  product  analysis  remains  useful  for 
selected  runs  in  which  enough  wann~up  apparently  occurred  due  to  warm  room 
air  to  vaporize  any  condensate.  The  gravity  flow  design  of  the  filter  and 
of  the  intervening  piping  between  the  filter  and  the  sampling  valve  would 
prevent  such  condensate  from  forming  pockets  and  leaving  the  flowing 
reactor  product  stream.  As  evidence,  we  show  below  the  H2/BCI3  ratios  as 
calculated  from  infrared  determinations  for  Runs  1301  through  1401.  For 
these  runs,  the  flowmeters  were  specially  reworked  and  recalibrated,  and 
the  metered  flowrates  were  set  to  provide  the  same  flow  ratio  in  each  run. 


Calc. 

"Dew  Point 


Ratio"  at 

Temperature  Absorber 


H2/BCI3  Ratios 
per  Infrared 


Run 

No. 

Press. 

psia 

Quick  Quench 
Exit 

Absorber 
Inlet  Gas 

1301 

103.5 

56 

70 

1401 

103 

83 

68 

1302 

103.5 

65 

68 

1303 

102 

63 

68 

1305 

108 

66 

66 

1304 

108 

66 

65 

Inlet  Gas  Determinations 


Temp. 

Individual 

Aye. 

3.43 

3.57, 

3.61, 

3.29 

3.49 

3.59 

3.35, 

3.45 

3.40 

3.59 

3.46, 

3.41, 

3.51 

3.46 

3.59 

3.44, 

3.43, 

3.44 

3.46 

3.53 

3.76 

3.33, 

3.31 

3.32 

3.83 

2.89, 

3.15, 

2.84 

2.99 

3.08 

On  the  basis  of  this  list  we  conclude  that  the  infrared  determined 
ratio  is  useful  for  Runs  1301,  1302,  1303  and  1401,  but  that  it  is 
doubtful  for  Run  1305  and  not  useful  for  Run  1304.  A  tentative  genera¬ 
lization  would  be  that  for  the  infrared  based  ratio  to  be  useful,  it 
should  not  be  exceeded  by  more  than  0.3  by  the  "dew  point  ratio"  cal¬ 
culated  for  the  temperature  and  pressure  at  the  point  of  sampling  (the 
absorber  gas  inlet  temperature). 


This  tentative  generalization  would  permit  the  use  of  the  reactor 
product  analysis  as  representative  for  the  following  IS  runs: 

903,  904,  905,  907,  lOOl,  1002,  1003,  1004,  1005,  1201, 
1202,  1301,  1302,  1303,  and  1401 

but  not  for  the  following  ten  runs: 

906,  908,  1101,  1102,  1103,  1104,  1203,  1204,  1304  and  1305 
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To  illustrate  the  distribution  of  components  which  occurs  when  a 
liquid  phase  formSj  we  present  the  following  calculations  based  on  the 
dats  of  Run  1304; 


A.  Assume  true  reactor  product  composition  was  the  same  as  that 
of  Runs  1302  and  1401^  namely:  17. 5Z  BCI3,  5.1%  BHCl2> 

77.4%  (Hj  +  HCl),  or  feed  H2:BCl3  ratio  -  3.42. 

B.  At  equilibrium  at  65*F.  and  IO8  psi  absolute,  this  would  form 
two  phases, as  follows; 


Moles  per  100  moles  reactor 
Product 

Mole  %  BCI3 
Mole  %  BHCI2 
Mole  %  (H2  +  HCl) 


Vapor  Liquid 


96.5% 

3.5% 

14.9% 

90.3% 

4.95% 

9.67% 

80.15% 

0.0% 

C.  In  order  to  obtain  a  sample  containing  21.0%  BCI3  (112:8013  feed 
ratio  2,84,  if  5.0%  BHCl2)>  we  would  need  to  obtain  a  liquid; 
vapor  ratio  >  8:92.  The  resulting  %  BHCU  in  the  sample  would 
be  0.92  X  4.95  +  0.08  x  9.67  -  5.33%. 


D.  In  order  to  obtain  a  sample  containing  19.1%  BCI3  (I^tBCl^ 
feed  ratio  3.18,  of  5.0%  BHCl2)>  we  would  need  to  obtain  a 
liquid; vspor  ratio  -  6:94.  The  resulting  %  BHCI2  in  the 
sample  would  be  0.94  x  4.95  +  0.06  x  9.67  -  5.23%. 

This  shows  that  the  composition  of  the  reactor  product  sample 
for  Run  1304  can  be  explained  if  it  is  assumed; 


A.  That  the  feed  ratio  was  the  same  as  for  Runs  1302  and  1401. 


B.  That  at  the  point  of  sampling  3.5%  of  the  reactor  product 
was  condensed 


C.  That  6  to  8%  of  the  actual  sample  withdrawn  was  from  the 
liquid  phase. 


4.  Choice  of  Infrared  Anslvtical  Values  for 
Report  Calculations 

Infrared  analyses  were  chosen  in  preference  to  wet  method  analyses 
both  for  total  boron  and  for  BHCI2  throughout  the  calculations,  both 
because  they  had  been  more  convenient  to  obtain  and  hence  were  more  plenti¬ 
ful,  and  because  they  appeared  to  be  more  reproducible.  In  general,  the 
infrared  BCI3  values  indicated  5  to  10  per  cent  more  BCI3  in  the  absorber 
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feed  or  In  Che  absorber  overhead  Chan  did  Che  weC  meChod  BCI3  meChod.  In 
Che  reacCor  produce  analyses  for  Che  InCegraCed  preplloC  plane  runs,  Chree 
of  Chese  five  Co  Cen  per  cenC  can  be  ascribed  Co  a  maChemaClcal  error.  In 
Che  oCher  analysis,  conCalnlng  smaller  raClos  of  BHCI2/BCI3,  Che  effecC  of 
Che  BiaChemaClcal  error  Is  only  Cwo  per  cenC. 

There  Is  llCCle  evidence  ChaC  Che  lower  value,  given  by  Che  weC 
meChod,  mlghc  have  been  store  accuraCe. 

5.  ReacCor  Produce  Analysis  vs.  MeCered 
Flow  RaClo  of  H2  to  BCI3 

The  amounC  of  agreeaienC  beCween  Che  reacCor  produce  analysis  for  CoCsl 
boron  and  Che  meCered  flow  raClo  of  Co  BCI3  Is  represenCed  fairly  by 
Che  difference  beCween  Che  steCered  BCI3  reacCor  feed  race  snd  Che  BCI3 
reacCor  feed  race  which  was  calculaCed  on  Che  basis  of  Che  analyClcally 
deCermlned  H2:BCl3  raClo. 

Only  In  Runs  1302  and  1303  were  Che  meCered  H2  and  BCI3  flowraCes 
well  enough  callbraCed  and  concrolled  Cc  be  considered  for  dlf ferenClaClng 
beCween  Che  Infrared  and  Che  weC  meChod  analyClcal  resulCs. 

A.  H2  Race  (cylinder  H2  lass  scrip  H2)  ■  630.5  (average) 

vs.  H2  flowmeter  ■  620 

B.  H2/BCI3  RaClos  (by  Infrared):  3.46,  3.41  and  3.50  for 
Chree  deCermlnaClons  In  Run  1302;  3.46,  3.44  and  3.52 
for  four  decermlnaclons  In  Run  1313. 

C.  BCI3  Plow  -  -  182,  or  .  179 

D.  Versus  BCI3  Flow  (by  flowsieCer)  ■  171 

E.  This  mlghc  be  due  Co  high  BCI3  deCermlnaClon  (by  Infrsred) 
amounClng  Co: 

^^^1~1^7^  X  100  -  5X  or  Co  X  100  -  SI 

of  correcC  value. 

6.  Infrared  DeCermlnaClon  of  BHCI2  vs. 

WeC  MeChod  DeCermlnaClon  of  BHCI2 


Comparison  of  BHCI2  as  deCermlned  by  Infrared  wlch  BHCI2  as  deCermlned 
by  hydrolysis  of  Che  ~196*C  condensaCe  shows  perhaps  10%  more  BHCI2  In  Infra¬ 
red  measuremencs  for  hydrolysis  values  up  Co  4.6%  BHCl2*  These  hydrolysis 
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values  higher  than  5.01  BHCI2  (Runs  904,  1001  and  1304)  are  not  consistent 
with  Infrared  results  and  are  presumed  to  be  high  due  to  air  leakage- In 
during  the  determinations. 

7.  Reactor  Product  BHCI2  va.  Dlsproportlonator 
Product  B2Hft 

The  accuracy  of  the  BHCI2  values  as  determined  by  Infrared  can  be 
estimated  In  the  results  of  this  Investigation  only  by  use  of  the  Run 
1401A  material  balance.  The  good  agreement  between  the  value  38.1  for 
reactor  product  BHCI2  and  the  values  0.7  -f  35.6  -  36.3  for  absorber  BHCI2 
output  or  the  values  0.7  +  36.7  37.4  for  absorber- dlsproportlonator 

combined  output  Is  better  than  can  usually  be  expected  from  an  estimate  of 
the  errors  Involved  In  these  various  measurements  and  analyses. 

8.  Ratio  Cl;B  In  Reactor  Product  by  Wet  Method 

The  ratio  Cl: B  In  the  reactor  product  was  determined  directly  by  two 
different  but  successive  titrations  on  the  saste  aliquot  sample.  When 
values  for  Cl  and  for  B,  thus  determined,  were  used  for  H2  evolution 
measurements  to  calculate  BHCl2>  BCI3  and  HCl,  the  BHCl^  value  will  be 
found  to  be  equal  to  the  HCl  value  for  those  runs  In  which  the  3:1  Cl:B 
ratio  was  maintained.  Thus:  5. OX  BHCI2,  5. OX  HCl,  15X  BCI3  would  have 
been  determined  :  Per  100  parts  sample  :  5  parts  H2  evolution,  20  parts 
B,  and  60  parts  HCl,  wherein  Cl:  B  ■  3:1.  Note  that  this  BHCl2iH2  ratio 
In  the  calculated  results  should  remain  1:1  for  Cl:B  ■  3;  1,  regardless  of 
whether  the  measurement  of  H2  evolution,  for  BHCI2  determination,  was 
correct  or  whether  It  was  too  high  or  too  low. 

The  mathematical  error  previously  referred  to  has  no  effect  on  validity 
of  this  suggested  comparison  of  the  HCl  and  BHCI2  results.  Correcting  for 
that  error  would  create  less  than  a  one  per  cent  change  In  the  value  pre¬ 
sented  for  mole  per  cent  HCl. 
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APPENDIX  I 

Piping  and  Instrument  Dlagreas 
Diborane  Pilot  Plant 
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APPENDIX  J 


Dtborane  Pilot  Plant  -  Operating  Procedures 


STEP  I  OPERATING  PROCEDURBS 
AFN  Pilot  Plant 


preparation  before  start-up 

I.  Conditions  which  must  be  specified  before  each  run. 

A.  Reactor  (lF-l>2)  temperature  (TRC-47>  48)  and  pressure  (PC'31). 
Latter  Is  established  at  discharge  of  make-up  hydrogen  com¬ 
pressor  (lK-1). 

B.  Flow  rates  of  BCI3  (FRC-1)  and  H2  (FRC-2)  to  reactor  (lF-1,2)  and 
thus  H2  flow  to  BCI3  ratio. 

C.  Flow  rates  of  BCI3  (FRC-ll)  absorbent  and  H2  (FRC-3)  stripping 
gas  to  primary  absorber  (1C*1). 

D.  Flow  rate  (FRC-9)  of  BCI3  absorbent  to  secondary  absorber  (lC-2). 

E.  Recycle  hydrogen  bleed-off  rate  (Fl-23)  or  minimum  H2  content 
determined  by  H2  R~l>  to  maintain  satisfactory  purity  of  H2  feed 
to  reactor  (lF-l,2). 

F.  Pressure  (PRC-30)  of  dlborane  fractionation  and  absorption  system. 

G.  Reflux  rate  (FI'4)  to  prefractionator  (lC-3). 

H.  Reflux  rate  (FIC-5)  to  dlsproportlonator  (lC-4). 

I.  Flow  rate  (FRC-15)  of  absorbent  to  dlborane  absorber  (lC-8). 

J.  Pressure  (PRC-35)  of  HCl  fractionator  (lC-5). 

K.  Reflux  rate  (FIC-7)  to  HCl  fractionator  (lC-5). 

II.  Condition  of  Equipment 

A.  After  a  norma^  shutdown  the  equipment  will  be  under  a  20  pslg 
H2  pressure  and  Isolated  Into  the  following  sections: 

1.  Furnace  section  -  Includes  1F”1&2,  lE-1,  lE-2,  lE-4, 
lE-22,  lV-1.  (The  latter  may  also  be  Isolated  fol¬ 
lowing  cleaning.) 
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2.  Primary  and  secondary  absorber  section  -  Includes  lC-1, 
lC-2,  lB-6,  lE-3,  lE-8,  lE-9,  1E”10,  lE-11,  absorbent 
side  of  lE-12,  lE'lS,  dlborane  side  of  1E’'20,  suction 
side  of  1G^2  only,  1g~3,  and  lG-6. 

3.  HCl  column  -  Includes  lC-5,  lE-18,  lE-19,  HCl  overhead 
accumulator,  1g~2,  HCl  column  feed  side  of  1E~12. 

4.  Disproportionation  section  -  Includes  lC-3,  lC-4  prefrac¬ 
tionator  overhead  accumulator,  dlsproportlonator  overhead 
accumulator,  lE-5,  lE-7,  lE-14,  lE-15,  lE-17,  lG-4, 
suction  side  of  lG-3,  suction  side  of  lG-5. 

5.  Dlborane  absorber  -  Includes  lC-8,  feed  side  of  lE-20, 
lE-21,  suction  side  of  lG-6. 

6.  Dlborane  storage  section  (under  Its  own  pressure)  - 
Includes  1C-7A,  1C-7B,  lG-5. 

7.  HCl  storage  -  Includes  lC-9  and  connecting  piping  from 
LlCV-17. 

8.  Compressor  section  -  Includes  lK-1,  lK-2. 


gARIlif? 

I.  Condition  of  equipment  at  beginning  of  start-up. 

A.  All  equipment  Is  dry,  clean  (check  BCI3  filter  lV-1),  02~free, 
and  under  H2  pressure  at  approximately  20  pslg. 

B. .  Adequate  quantities  are  on  hand  of  H2>  purified  BCI3  (or 

scheduled  to  be  purified)  and  adequate  storage  Is  available 
for  products  HCl  and  B2Hg. 

C.  The  following  equipment  Items  have  been  turned  on  and  are 
operating: 

Destructive  scrubber  pump  (lG-2). 

Cooling  tower  pump  (lG-3). 

Refrigeration  equipment  (5V-1)  Including  refrigerant 
pump  (5G-1)  and  water  to  condenser  (5E-1).  See 
operating  Instruct Ions. (page  J-38) . 

Air  compressor  (6K-1)  and  prepilot  plant  air  compressor. 
Vacuum  pump  (6K-2). 

N2  supply  (check  level  for  adequate  supply). 
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D.  Turn  cooling  water  on  to  the  following: 

Recycle  H2  compressor  (lK-1)  and  associated  aftercooler. 
Make-up  H2  compressor  (lK-2)  and  associated  aftercooler. 
Trim  cooler  (lE-3)  for  absorbent  to  primary  absorber  (lC-1). 
Reactor  effluent  cooler  (lS-4). 

H2  stripping  gas  cooler  (lS-6)  to  primary  absorber  (lC-1). 
Disproportionator  feed  cooler  (lS-7). 

Prefractionator  overhead  condenser  (IE- 14). 

B.  Turn  on  refrigeration  to  the  following: 

1.  High  temperature  (-20“F.) 

Secondary  absorber  feed  chiller  (IE- 10). 
Disproportionator  feed  chiller  (lE-5). 

HCl  fractionator  overhead  condenser  (lB-19). 

2.  Intermediate  temperature  (-50*F.) 

Secondary  absorber  bottoms  cooler  (lC-2  suction 

line  and  Jacket) 

Secondary  absorber  feed  chiller  (IE- 11) 

Chiller  (lE-13)  for  absorbent  to  secondary 

absorber  (lC-2) 

Chiller  (lE-21)  for  absorbent  to  dlborane 

absorber  (lC-8) 

3.  Low  temperature  (-100*F.) 

Dlborane  fractionator  overhead  condenser  (IE- 17). 
Dlborane  subcooler  (suction  line  and  remote  head 

for  lG-5) 

4.  Check  auxiliary  refrigeration  unit  to  determine  that 
it  is  properly  servicing  the  following: 

Dlborane  storage  tanks  (1C-7A, 7B). 

HCl  storage  tank  (lC-9). 

Dlborane  absorber  bottoms  cooler  (suction  and 

remote  head  for  lG-6). 
Instrument  air  dryer  (6V-4). 

II.  Establish  a  BCl^  inventory  in  the  system  if  not  already  present. 

A.  Pressurize  with  N2  to  50  psig  the  selected  supply  of  OK'd^ 
purified  BCl^  in  storage  tanks  (4C-4A^B^C).  Open  by-pass 
around  BCI3  charge  pump  (4G-2). 

B.  Fill  primary  absorber  (lC-1). 

1.  Isolate  exchangers  lE-2  and  lE-22. 

2.  Open  valves  in  lines  4B19-5/8B^  lB2-lBj  and  1BHC74-1 
1/2  admitting  BCI3  by  way  of  filter  (IV- 1)  to  normal 
feed  point  on  absorber. 
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3.  When  the  correct  level  is  established^  close  one  valve 
in  by-pass  line  1BHC74-1  1/2  B. 

C.  Fill  secondary  absorber  (lC-2). 

1.  Open  valves  in  lines  1B32-1  l/2Bj  1B76-1  1/2B,  1B33-1 
1/20  and  1B34-1  1/20^  allowing  BCI3  to  follow  the  normal 
absorbent  route  to  this  absorber. 

2.  When  the  correct  level  is  established,  close  the  valve  in 
line  1B32-1  1/2B. 

D.  Fill  prefractionator  (lC-3). 

1.  Open  valves  in  lines  1B40-7/8B  and  1B87~1B  (by-pass 
between  lines  1B1-7/8B  and  1BCD23-1  1/2A).  Open  valve 
in  line  1BCD23-1  1/2A  at  column  feed  point. 

2.  When  correct  level  is  established,  close  valve  in  line 
1BCD23-1  1/2A. 

E.  Fill  disproportionator  (lC-4). 

1.  Open  valve  between  lines  1BC43“5/8B  and  1BC49-1A  (pump 
lU-4  by-pass).  Open  valve  in  line  1BC49~1A  into  column, 

2.  When  the  correct  level  is  established,  close  pump  by-pass 
valve. 

F.  Fill  HCl  fractionator  (lC-5). 

1.  Open  valves  in  line  1B59-1  1/2B  to  bottom  of  column. 

2.  When  the  correct  level  is  established,  close  these 
valves. 

G.  Fill  diborane  absorber  (lC-8). 

1.  Open  valve  in  line  1BD21-5/8A  and  pump  lG-6  by-pass  valve 
(between  lines  1BD60"1C  and  1BD61-5/8C).  BCI3  comes 
through  line  1BD21-5/8A  and  lE-20  by  way  of  line 
1BCD23-1  1/2A  and  exchanger  lE-8. 

2.  When  the  correct  level  is  established,  close  pump  by-pass 
valve. 

H.  Any  further  BCI3  additions  will  be  made  with  BCl^  charge  pump  (4G-2). 

1.  Record  liquid  level  in  selected  supply  tank. 

2.  Align  valves  to  pump  to  Step  I. 
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III.  Establish  a  BCI3  flow  cycle. 

A.  Pressurize  system. 

1.  Bring  entire  system  up  to  50  pslg  by  opening  H2  trailer 
supply  and  by-passing  H2  compressors  (lK-1  and  lK-2). 

2.  Pressurize  HCl  fractionator  (lC-5)  to  established  output 
of  recycle  H2  compressor  (lK-1)  -  231  pslg  design. 

a.  Close  valves  at  FRC-2  and  FRC-3. 

b.  Open  valves  In  H2  pressuring  line  1H94-5/8B. 

c.  Start  compressors.  Shut  down  compressors  when 
output  pressure  Is  attained  In  lC-5. 

d.  Close  valve  In  hydrogen  pressuring  line. 

(Note:  Primary  and  secondary  absorbers  are 

simultaneously  brought  up  to  discharge 
pressure  of  lK-2). 

B.  Utilizing  pressure  In  HCl  fractionator  (lC-5)  establish  a  BCI3 
flow  cycle  between  this  column  and  secondary  absorber  (lC-2). 

1.  Close  valve  at  FRC-l  to  prevent  BCl^^  from  going  to 
furnace  section. 

2.  Set  FRC-9  at  specified  flow  rate  (design  -  4102  lbs. /hr.). 

3.  Start  secondary  absorber  bottoms  pump  (lG-2). 

4.  Oeteralne  that  absorbent  to  secondary  absorber  (lC-2) 

Is  being  properly  cooled.  Design  -  -45“F.  (TI-5-21) 

C.  Establish  a  BCI3  flow  cycle  In  remainder  of  fractionation  system 
(excludes  reactors  IF- 1^2  and  associated  exchangers). 

1.  Start  prefractionator  bottoms  pump  (lG-3). 

2.  Set  FRC-11  at  specified  flow  rate  (design  -  2930  lbs. /hr.) 
to  establish  proper  flow  of  absorbent  to  primary 
absorber  (lC-1). 

3.  Set  FRC-15  at  specified  flow  rate  (design  -  352  lbs. /hr.) 
for  absorbent  to  dlborane  absorber  (lC-8). 

4.  Start  dlborane  bottoms  pump  (lG-6). 

5.  Check  to  see  that  absorbent  to  dlborane  absorber  (lC-8) 

Is  being  properly  cooled  by  chiller  lE-21  (TI-5-37) 

(Design  -45* F.) 

6.  Check  to  see  that  level  Indicator  controllers  LIC-10,  12 
and  16  are  functioning  properly. 
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D.  Turn  on  4G-2  for  make-up  to  enter  system  as  required  and  as 
controlled  by  LTC-14  cn  HCl  fractionator  (1C- 5). 

IV.  Establish  flow  in  the  system, 

A.  Start  H2  compressors  (IK- 1^2).  Check  that  discharge  pressures 
of  both  units  are  as  specified  (design  =  231  and  151  psig^res- 
pectively).  WARNING  -  BCl^  to  secondary  absorber  must  be 
cold  to  prevent  appreciable  quantities  of  BCI3  being  carried 
through  recycle  compressor  (lK-1). 

B.  Establish  specified  flow  of  H2  through  lE-25  lE-1,  lF-1,  lF‘-2, 
lE-4j  and  lE-22  by  setting  FRC-2  at  specified  rate  (design  - 
49  lbs. /hr.)  and  cpening  appropriate  valves, 

C.  Establish  specified  H2  stripping  gas  flow  to  primary  absorber 
(lC-1)  by  properly  setting  FRC-3  (design  -  20  lbs. /hr.)  and 
opening  appropriate  valves. 

D.  Check  pressures  over  entire  system  and  see  that  all  PVC“s  are 
controlling  at  specified  pressures  (design  -  151  psig  for  PVC-31 
at  compressor  lK-2  discharge,  231  psig  for  PVC-32  at  compressor 
lK-1  discharge;  300  psig  for  PRC-35  at  HCl  fractionator  over¬ 
head;  and  72  psig  for  PRC-30  at  diborane  absorber  overhead). 

E.  Start  automatic  analysis  of  recycle  H2  by  H2R,  thereby  providing 
a  small  bleed  on  the  system. 

V.  Heat  up  fractiorating  column  reboilers. 

A.  Pref ractionator  {lC-3). 

1.  With  cooling  water  full  on  to  overhead  condenser  (1E-I4)j 
adjust  steam  to  reboller  (IE- 15)  manually  to  give  reflux 
at  specified  rate  (design  -  5927  lbs. /hr,). 

2.  Put  steam  flow  controller  (TBC-31)  on  automatic  control 
at  a  temperature  2®F.  below  the  manually  attained  level 
(design  -  176°F.  at  83  psig). 

B.  Dlsproportlonator  (lC-4). 

1,  WARN ING  -  avoid  appreciable  reflux  to  p-event  under 
thermal  stresses  In  the  low  temcerature  condenser  (IE- 17), 

2.  Set  TRC-36  control llrg  flow  at  normal  operating 

tempcratu-e  (ISO^F.  e*"  ,  <  FlC-f  at  maximum  setting 
(total  reflux). 
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3.  Check  that  bottoms  heat  up  properly  and  that  reflux  is 
negligible. 

C.  HCl  fractionator  (lC-5). 

1.  WARNING  -  avoid  appreciable  reflux. 

2.  Set  TRC-41  controlling  steam  flow  to  normal  operating 
temperature  (200“F.  est.)  and  FIC-7  at  maximum 
setting  (total  reflux). 

3.  Check  that  bottoms  heat  up  properly  and  that  reflux  is 
negligible. 

VI.  Start  furnace  (lF-1,2)  operation. 

A.  Check  that  H2  flow  rate  (FRC-2)  and  purity  (H2R)  are  as  specified. 

B.  Set  furnace  temperature  controllers  TRC-47  and  TRC-48  at  500“F. 

and  light  furnace.  Follow  Special  Instructions  for  this  unit.(p,  3-25). 

C.  Start  BCI3  flow  through  furnace  section  when  reactor  reaches 
200“F. 

1.  Start  BCI3  recycle  pump  (lG-1),  aligning  valves  to  pump 
through  FRC'l  to  furnace  section. 

2.  Over  a  period  of  15  minutes  bring  flow  rate  up  slowly 
by  gradually  changing  setting  of  FRC-1  until  specified 
rate  is  obtained  (design  -  955  lbs. /hr.). 

VII.  Bring  plant  into  operating  balance. 

A.  Check  all  controls  in  plant  for  proper  operation  and  all  flows  for 
steadiness. 

B.  When  all  temperatures,  pressures,  and  flows  are  well  lined  out, 
raise  furnace  temperatures  slowly  to  specified  operating  level 
(design  -  1300**F.)  per  special  instructions.  Use  extreme  care 
in  bringing  up  to  temperature  to  avoid  damage  to  silver- lined 
equipment. 

C.  Establish  proper  operation  of  fractionators  as  BCI3  conversion 
takes  place. 

1.  Prefractionator  (lC-3).  Frequently  adjust  set  point  of 
TRC-31  to  maintain  reflux  (FI-4)  at  specified  rate. 

2.  Disproportionator  (lC-4). 
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a.  After  the  top  temperature  (11-5=26)  dropSj  and 
noticeable  reflux  starta.j,  signifying  a  diborane 
content  increase,  adjust  TRC=36  set  point  to  main¬ 
tain  reflux  flow  rate  slightly  above  the  specified 
level  (design  =  60  lbs. /hr.). 

b.  When  TI-5=26  indicates  that  the  tops  are  pure 
diborane  (design  -  -JO^F.  at  76  psig),  gradually 
reduce  the  setting  of  FIC-5  to  the  specified 
reflux  flow  rate. 

c.  Select  either  tank  1C-7A  or  IC-7B  to  receive  the 
product  and  record  the  starting  liquid  level  in 
the  vessel, 

d.  Follow  special  instructions  for  H2  transfer  pump 
for  diborane  product  take-off. 

e.  Continue  periodic  adjustment  of  TRC-36  to  main¬ 
tain  proper  top  temperature  (TI-5-26)  and 
specified  reflux  rate. 

3.  HCl  fractionator  (lC-5).  Follow  same  general  procedure 
as  for  disproportionator  (lC-4). 

a.  As  HCl  concentration  Increases,  the  temperature 
at  the  top  of  the  columns  (TI-5-31)  approaches 
the  design  temperature  of  17*F.  at  300  psig. 

b.  Periodically  adjust  TRC-41  to  maintain  proper  top 
temperature  and  specified  reflux  rate  (design  - 
318  lbs. /hr.). 

c.  Check  that  LIC-17  properly  controls  liquid  level 
in  overhead  accumulator. 

D.  Continuously  check  all  controlled  variables  and  adjust  controllers 
as  necessary  to  keep  at  specified  values. 


NORMAL  SHOTDOWN 

I.  Shut  down  furnace- reactor  (IF- 1,2),  (See  also  special  instructions 
for  this  unit.) 

A.  Utilizing  tempersture  controllers  ^IRC=47,  48)  turn  down  furnace 
to  low  fire  setting,  then  turn  off  pss  supply  by  closing  main 
block  valves  adjacent  to  solenoid  operated  valve. 
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II.  When  temperature  of  reactants  leaving  furnace  (TRC-48)  drops  to  lOOO'F., 
stop  BCl^  flow  to  reackor.  (WARNING:  Do  not  stop  H2  flow.) 

A.  Utilizing  FRC-1,  shut  off  BCI3  feed  to  reactor.  Acknowledge  low 
flow  alarm  (FAL-3). 

B.  Shut  off  BCl^  recycle  pump  (lG-1)  and  charge  pump  (4G-1). 

III.  As  the  production  of  dlborane  and  HCl  diminishes  and  eventually  ceases^, 
control  the  operation  of  the  dlsproportlonator  (lC-4)  and  HCl  frac¬ 
tionator  (lC-5)  accordingly. 

A.  Increase  the  reflux  ratio  on  these  columns  to  maintain  product 
purity  by  Increasing  the  flow  settings  on  FIC-5  and  FIC-?^ 
respectively. 

B.  When  the  top  temperature  of  either  column,  as  Indicated  by 
TI-5-26  or  TI-5-31,  rises  5  to  10"F.  above  the  normal  operating 
temperature  level,  thus  Indicating  an  Impure  overhead  product 
despite  the  operation  of  the  column  on  essentially  total  reflux, 
shut  off  steam  to  reboller  by  means  of  the  proper  controller 
(TRC-36  or  41).  Follow  this  procedure  for  both  columns  (lC-4, 5). 

C.  Shut  off  product  pump  (lG-5)  and  dlsproportlonator  bottoms 
pump  (lG-4). 

IV.  Shut  off  steam  to  prefractionator  (lC-3)  by  means  of  the  controller 
(TRC-31). 

V.  Shut  off  H2  circulation  when  reactor  temperature  (TRC-48)  drops  to 
300*F.  or  below. 

A.  With  controller  (FRC-2)  shut  off  H2  flow  to  reactor.  Acknowledge 
low  flow  alarm  (FAL-4). 

B.  Shut  down  K2  compressors  (IK- 1,2). 

C.  Shut  off  turbo  blower  supplying  combustion  air  to  furnace. 

Check  that  solenoid  valve  trips. 

VI.  Shut  off  BCI3  flow  In  the  two  circulation  loops  and  through  the 
dlborane  absorber  (lC-8). 

A.  Shut  off  absorbent  flow  to  primary  absorber  (lC-1)  by  the  con¬ 
troller  (FRC-11),  and  shutting  off  prefractionator  bottoms 
pump  (lG-3). 

B.  Shut  off  dlborane  absorber  bottoms  pump  (lG-6). 
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C,  Shut  off  absorbent  flow  to  secondary  absorber  (lC-2)  by  means 
of  the  controller  (FRC-9)j,  and  shut  off  secondary  absorber 
bottoms  pump  (lG-2). 

VII.  Shut  down  refrigeration  unit  (5V-1)  and  pump  (5G-1)  according  to 
special  Instructions  for  that  unit. 

VIII.  Break  up  Step  I  Into  the  following  section  by  closing  one  valve 
only  in  process  lines  connecting  sections  (see  II-2  under  "Pre¬ 
paration  Before  Start-Up"  for  list  of  components). 

Furnace  Section  Dlborane  Storage  Section 

Primary  and  Secondary  Absorber  Section  HCl  Storage 

HCl  Column  Compressor  Section 

Disproportionation  Section  Pump“Down  Storage 

Dlborane  Absorber 

IX.  Check  over  pressures  In  system. 

A.  Dlborane  and  HCl  storage  sections  should  be  under  their  own 
pressures  according  to  vapor  pressure  of  contents  at  the 
temperature  maintained  by  the  refrigeration  unit. 

B.  Other  sections  should  be  left  under  20  25  psig  H2  pressure. 

Vent  the  sections  as  necessary  to  attain  this. 

C.  With  vents  closed,  check  each  section  pressure  for  30  minutes 
to  determine  that  pressure  loss  Is  negligible  and  system  Is 
therefore  tight.  If  pressure  drop  is  detected,  remedy  cause, 
repressurize  with  H2  and  repeat  check. 


EXTENDED  SHUTDOWN  (to  be  designated  by  pilot  plant  supervisor) 

I.  Follow  Steps  I  through  VII  for  NORMAL  SHUTDOWN. 

II.  Shut  off  flow  of  cooling  water  to  exchangers. 

III.  Using  N2  supplied  through  the  QD,  blow  BCI3  contained  In  filter 
(IV-1)  into  secondary  absorber  110-2).  Flow  gauge  (FG-24)  indl- 
cates  when  filter  is  empty. 

IV.  Empty  contents  of  vessels,  along  with  related  equipment  and  lines, 
into  pumpdown  storage  tank. 

A.  Purge  shutdown  storage  drum  (lC-10)  with  N2,  to  destruction 
vent  heater_  cr  if  it  has  not  been  jsed  prevlcusly,  evacuate 
vessel  and  backfill  with  N2  ‘^h’-ee  '.imes.  Vent  drum  inter” 
mltt.ently  as  •■eqoired  during  filling  operation. 
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B.  Empty  primary  absorber  (lC-1). 

1.  Using  N2  supply  Co  QD  connection  at  (lG-3),  blow 
absorbent  supply  line  Into  absorber  (lC-1)  and  Into 
dlborane  absorber  (1C°8). 

2.  Open  bottom  connection  to  pumpdown  header  and  permit 
vessel  contents  Co  drain  out.  Close  valve. 

3.  Blow  bottoms  line  Into  prefracClonaCor  (lC-3).  At  same 
time  blow  discharge  line  from  dlsproportlonator  bottoms 
pump  (lG-4)  Into  pumpdown  header. 

C.  Empty  secondary  absorber  (lC-2). 

1.  Using  N2  supplied  to  QD  connection  at  discharge  of  pump 
(lG-1)  blow  absorbent  Into  absorber  (1C- 2)  by  way  of 
connections  at  bottom  of  HCl  fractionator  (lC-5). 

2.  Empty  liquid  from  absorber  Into  pumpdown  header  by 
opening  connection  at  discharge  of  bottoms  pump  (lG-2). 

3.  Using  N2  supplied  Co  suction  side  of  pump  (1G~2),  blow 
bottoms  line  Into  HCl  fractionator  (lC-5).  First  vent 
Che  fractionator  as  necessary  Co  the  destruction  vent 
header  via  Che  overhead  vapor  line  and  secondary 
absorber  (lC-2), 

D.  Empty  dlborane  absorber  (lC-8)  Into  prefracClonaCor  (lC-3). 

1.  Blow  bottoms  through  pump  (lG-6)  to  pref racLlonaCor 
(lC-3).  Close  valve. 

E.  Empty  Che  prefracClonaCor  (lC-3). 

1.  Open  bottoms  connection  Co  pumpdown  header.  Close  when 
emp  ty . 

2.  Open  connection  from  bottom  of  overhead  accumulator  Co 
pumpdown  header.  Close  when  empty. 

F.  Empty  dlsproportlonator  (lC-4). 

1.  Drain  dlsproportlonator  feed  cooler  (lE-7)  and  feed 
chiller  (lE-5)  to  pumpdown  header.  Close  valve  when 
empty. 

2.  Drain  tcctom  Into  pumpdown  header  through  pump  (lG-4). 
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G.  Empty  HCl  fractionator  (lC-5). 

1.  Open  bottom  connection  to  pumpdown  header.  Close 
when  empty. 

V.  Purge  reactor  section. 

A.  Attach  N2  hose  to  QD  adjacent  to  FCV-1  and  thoroughly  purge 
reactor  Into  primary  absorber  (lC-1). 

B.  Close  block  valves  at  Inlet  to  feed  vaporizer  (lB-2)  and 
at  outlet  to  reactor  feed  effluent  exchanger  (lB-1). 

VI.  Rid  remainder  of  process  residues. 

A.  Filter  (lV-1)  primary  absorber  (lC-1),  secondary  absorber 
(lC-2)  and  H2  compressors  (IK- 1,2). 

1.  Close  block  valves  at  feed  point  to  the  prefractionator 
(lC-3)  at  discharge  of  prefractlorator  bottoms  pump 
(1G~3),  at  discharge  of  dlsproportlonator  bottoms 

pump  (lG-4),  at  feed  point  to  HCl  column  (lC-5)  at 
bottoms  outlet  of  this  same  column,  at  discharge  of 
dlborane  absorber  bottoms  pump  (lG-6),  and  at  Inlet 
to  H2  cotipressor  (lK-2). 

2.  Connect  N2  hose  to  QD  at  inlet  of  BCl^j  filter  (lV-1) 
and  vacuum  hose  to  QD  at  discharge  of  secondary 
absorber  bottoms  pump  (lG-2). 

3.  Open  bypasses  around  all  control  valves  In  this  system, 
and  around  the  furnace  section  (located  adjacent  to 
lD-4).  In  general,  have  system  open  as  much  as  possible. 

4.  Alternate  between  pressurizing  the  system  with  N2  and 
evacuating  until  It  will  hold  vacuum  when  blocked  off. 

5.  Close  all  bypass  valves. 

B.  Prefractionator  (lC-3),  dlsproportlonator  (lC-4)  and  dlborane 
absorber  (1C- 8). 

1.  With  LIC-16  on  manual,  pump  product  Into  designated 
storage  tank  (1C-7A  or  B)  until  no  flow  shows  on  FI-6. 
Thus  overhead  accumulator  Is  essentially  empty.  Shut 
off  pump  (lG-5)  and  close  adjacent  block  valve  to 
storage  section. 

2.  Close  block  valves  in  overhead  line  from  dlborane 
absorber  (1C  8)  adjacent  to(FCV~30). 
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3.  Open  bypasses  around  all  control  valves  and  pumps  In 
this  system.  Have  system  open  as  much  as  possible. 

4.  Connect  N2  hose  to  QD  at  BD-S  on  prefractionator 
(lC-3)  and  vacuum  hose  to  QD  at  discharge  of  product 
pump  (lG-5). 

5.  Alternate  between  pressurizing  the  system  with  N2  and 
evacuating  until  It  will  hold  vacuum  when  blocked  off. 

6.  Close  all  bypass  valves. 

C.  HCl  fractionator  (lC-5). 

1.  Operating  LIC-17  manually^  empty  overhead  accumulator 
Into  HCl  storage  tank  (lC-9).  Close  block  valves 
adjacent  to  LCV-17,  and  adjacent  to  PCV-35. 

2.  Open  bypass  valves  around  FCV*7. 

3.  Through  hose  connection  to  QD  below  BD-9,  alternately 
.  pressurize  the  column  and  evacuate  until  unit  will 

hold  vacuum  when  blocked  off. 

4.  Close  FCV*7  bypass  valve. 

VII.  Pressurize  entire  system  with  N2  to  20-25  pslg. 

VIII.  Isolate  various  sections  of  Step  I  according  to  Paragraph  VIII 
under  NORMAL  SHUTDOWN. 

IX,  Remove  temporary  hose  connections. 


EOUIPMKtrr 

I.  Primary  Absorber  (lC-1). 

A.  Description 

Column  Is  carbon  steel,  10"  dla.  and  35'  high,  31  ft.  of  which 
are  packed  with  1"  Intalox  saddles.  Uninsulated, 

B.  Function 

Absorb  BHCI2  from  effluent  stream  from  furnace  reactor,  while 
absorglng  essentially  no  HCl. 

C.  Pressure  ratings. 
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1.  Design  pressure  -  240  at  200‘’F. 

2.  Relief  devices 

a.  BD-1,  1-1/2"  at  215  psig,  backed  up  by  PSV“1,  1-1/2" 
X  2"  at  240  psig. 

b.  BD-2,  3"  at  400  psig. 

0.  Feed  Streams 

1.  Effluent  from  furnace-reactor,  by  way  of  exchangers  lE-1, 
lE-2,  1E=4  and  lE-22.  Contains  BCI3,  BHCI2  and  HCl. 

2.  BCI2  absorbent  from  bottom  of  prefractionator  (lC-3)  by 
way  of  IE- 8  and  lE-3. 

3.  Stripping  from  recycle  H2  compressor  (lK-1)  by  way  of 
exchanger  lE-6. 

B.  Controls 

1.  Automatic 

a.  Absorbent  flow  is  controlled  by  FRC-11. 

b.  Stripping  flow  is  controlled  by  FRC-3. 

c.  Liquid  level  in  pot  is  controlled  by  LIC-10. 

d.  Pressure  is  determined  by  PC-31,  at  discharge  of 
H2  make-up  compressor  (lK-2),  plus  pressure  drop 
through  secondary  absorber  (lC-2). 

e.  Feed  rate  to  column  is  same  as  reactor  effluent 
and  is  determined  by  FRC-1  and  FRC-2. 

2.  Manual 

a.  Temperatures  of  absorbent,  stripping  gas,  and  feed 
stream  may  be  controlled  within  limits  of  coolest 
flow  rates  to  the  various  exchangers. 

3.  Analytical 

a.  Bottoms  analysis  by  infrared  technique  indicates 
quantity  of  BHCI2  picked  up.  Presence  of  HCl  in 
the  bottoms  liquid  is  indicative  of  unsatisfactory 
column  performance  as  this  HCl  must  eventually  wind 
up  with  the  B2Hg  product.  Detection  of  HCl  at  this 
point  is  most  difficult.  Therefore,  analysis  of  the 
B2H^  product,  or  of  the  non-condensables  from  the 
top  of  the  disproportionator  (lC-4)  and  going  to  the 
dlborane  absorber  (lC-8),  must  be  relied  upon  for 
control. 
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b.  Infrared  analysis  of  the  overhead  gas  indicates  if 
any  BHCI2  has  not  been  absorbed  and  is  therefore 
lost  into  the  HCl  byproduct  stream. 

G.  Design  Operating  Conditions 

1.  Pressure  -  160  pslg. 

2.  Temperature  -  90®F.  (top) 

75®F.  (bottom) 

3.  Flow  rates  -  Feed 

Stripping  H, 

Absorbent  BCl^ 

H.  Alarms  -  low  and  high  level  alarms 
II.  Secondary  Absorber  (lC-2). 

A.  Description 

Column  is  Type  304  SS^  because  of  low  temperature  operation^ 
and  is  8"  dia.  x  23*  high^  17  ft.  of  which  are  packed  with 
1/2"  Intalox  saddles.  The  column  is  insulated  with  2-1/2" 
polyurethane. 

B.  Function 

Absorb  HCl  from  overhead  gas  stream  leaving  primary  absorber  (lC-1). 

C.  Pressure  rating 

1.  Design  Pressure  -  240  pslg  at  -50'F.  and  200*F. 

2.  Relief  Devices 

a.  BD-3,  1-1/2"  at  240  pslg,  backed  up  by  PSV-2,  1-1/2" 

X  2". 

b.  BD-4,  3"  at  400  pslg. 

D.  Feed  streams 

1.  Overhead  gas  stream  from  primary  absorber  (lC-1),  by  way 
of  exchangers  lE-9;  IE- 10  and  IE- 11.  This  stream  is  also 
joined  by  non-condensable  gas  from  top  of  HCl  fractionator 
(lC-5).  On  a  mole  percentage  basis,  this  combined  stream 
is  80%  H2,  but  on  a  weight  basis  it  is  80%  BCl^.  It  con¬ 
tains  a  small  percentage  of  HCl. 

2.  BCI3  absorbent  from  bottom  of  HCl  fractionator  (lC-5),  by 
way  of  exchangers  IE- 12  and  13. 


-  1004  lbs. /hr. 

-  20  lbs. /hr. 

-  2930  lbs. /hr. 

on  column  bottoms. 
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E.  Exit  Streams 

1.  Bottoms  liquid,  BCl^  with  some  HCl,  going  to  HCl 
fractionator  (lC-5)  by  way  of  pump  (lG-2)  and 
exchanger  (IE- 12). 

2.  Overhead  gas,  to  almost  pure  H2,  going  to  recycle  com¬ 
pressor  (lK-1). 

F.  Controls 

1.  Automatic 

a.  Absorbent  flow  is  controlled  by  FRC-9. 

b.  Liquid  level  in  pot  is  controlled  by  LIC-11. 

c.  Pressure  is  determined  by  PC-31,  at  discharge  of 
make-up  compressor  (lK-2), 

d.  Temperature  results  naturally  from  intermediate 
temperature  refrigerant  fed  to  absorbent  chiller 
(IE- 13)  and  feed  chiUer  (IE- 11). 

e.  Feed  rate  to  column  is  essentially  the  overhead 
gas  from  the  primary  absorber  (lC-1),  supplemented 
by  a  small  amount  of  non- condensable  gas  from  the 
HCl  fractionator  (lC-5). 

2.  Manual  -  None. 

3.  Analytical 

Quality  of  H2  gas  for  recycle,  coming  off  the  top  of  the 
column,  is  determined  by  automatic  H2  analyzer  (HR-1). 

G.  Design  operating  conditions 


1. 

Pressure  -  150  pslg. 

2. 

Temperature  -  “45°F. 

3. 

Flow  rates  -  Feed 

878 

lbs. /hr. 

Absorbent  - 

4100 

lbs. /hr. 

H.  Alarms  -  low  and  high  level  alarms  on  column  bottoms. 

III.  Prefractionator  (lC-3) 

A.  Description 

Column  is  carbon  steel  18"  dia.  x  Jt"  high,  27  ft.  of  which 
are  packed  with  1"  Intalox,  saddles,  1-1/2"  insulation  for 
180‘’F.  External  reboller,  IB^IS. 
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B.  Function 

Produce  an  overhead  gas  enriched  In  BHCI2  (or  B2Hg  If  any 
disproportionation  has  taken  place)  and  a  bottoms  product  of 
pure  BCI2. 

C.  Pressure  Ratings 

1.  Design  pressure  -  240  pslg  at  200°F. 

2.  Relief  devices. 

a.  BD-5,  1-1/2"  at  225  pslg,  backed  up  by  PSV-4, 

1-1/2"  X  2-1/2"  at  240  pslg. 

b.  BD-6,  4"  at  400  pslg. 

D.  Feed  Stream 

Combined  stream  consisting  of  primary  absorber  bottoms,  and 
dlsproportlonator  bottoms. 

E.  Exit  Streams 

1.  Uncondensed  overhead  gas,  largely  BCl^  and  BHCI2,  to 
dlsproportlonator  (lC-4). 

2.  Pure  BCI3  bottoms  for  recycle  to  primary  absorber  (lC-1) 
and  for  feed  to  furnace-reactor  (IF- 1,2). 

F.  Controls 

1.  Automatic 

a.  Temperature  In  lower  part  of  column  Is  controlled 
by  TRC-31.  Controller  regulates  steam  flow  to 
reboller  (IE- 15)  and  therefore  determines  boll-up 
rate. 

b.  Pressure  Is  determined  by  PRC-30,  on  overhead  gas 
discharging  from  dlborane  absorber  (1C- 8),  and  by 
pressure  drop  through  dlsproportlonator  (lC-4)  and 
dlborane  absorber  (lC-8). 

c.  .  Feed  rate  Is  controlled  by  the  combined  effects  of 

level  controllers  LlC-10,  13,  and  15  on  the  primary 
absorber  (lC-1),  dlsproportlonator  (lC-4)  and 
dlborane  absorber  (lC-8),  respectively. 

d.  Level  In  bottom  of  column  Is  controlled  by  LIC-12. 
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e.  Reflux  is  automatic  In  that  all  material  condensed 
by  the  overhead  condenser  (IE* 14)  Is  returned  to 
the  column  as  reflux.  Rate  may  be  varied  by  changing 
set  point  of  TRC-31. 


2.  Manual 

Composition  of  overhead  gas  to  the  prefractionator  (lC-4) 
may  be  controlled  within  limits  by  hand  control  of  cooling 
water  rate  to  overhead  condenser  (IE- 14). 

3.  Analytical 

a.  BCl^  bottoms  product  Is  checked  for  presence  of  BHCI2 
by  IR  analysis. 

b.  Composition  of  overhead  gas  Is  ascertained  by  IR 
analysis. 


IV. 


G.  Design  Operating  Conditions 
1.  Temperature 


176®?.  (bottom) 
156®F.  (top) 


2.  Pressure  -  82  psig. 

3.  Flow  rates 


Feed  3800  lbs. /hr. 
Bottoms  3430  lbs. /hr. 
Reflux  5930  lbs. /hr. 
Overhead 

Product  370  lbs, /hr. 


H.  Alarms  -  low  and  high  level  alarms  on  column  bottoms. 
Dlsproportlonator  (1C- 4) 


A.  Description 

Upper  part  of  column  is  Type  304  SS^  because  of  low  temperature 
service,  while  lower  part  Is  carbon  steel.  Column  is  6"  dia.  x 
22'  high,  15  ft.  of  which  are  packed  with  1/2"  Intalox  saddles. 

The  Integral  reboiler  has  1-1/2"  insulation  for  personnel  protec¬ 
tion,  while  the  column  is  Insulated  for  -90“F,  with  3'  of  poly¬ 
urethane. 

B.  Function 

Complete  the  dlspropotcionatlor  of  BHCi^  and  produce  an  overhead 
product  of  pure  dibocane.  The  bottoms  comoosi tion  is  not  critical. 
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C.  Pressure  Rating 

1.  Design  Pressure  -  245  pslg  at  20°?.  Tower  Is  also 
designed  for  225  psig  at  -100“F. 

2.  Relief  devices 

a.  BD-7,  1-1/2’*  at  210  psig,  backed  up  by  PSV-5,  1-1/2” 

X  2”  at  225  psig. 

b.  BD-8,  3”  at  370  psig. 

D.  Feed  Streams 

1.  Oncondensed  overhead  gas  from  prefractionator  (lC-3). 

2.  (Intermittent  as  required.)  Off-spec,  product  from  storage 
tanks  (1C-7A  or  B) . 

E.  Exit  Streams 

1.  Overhead  liquid  product  of  pure  diborane  to  storage  tanks 
(1C-7A  &  B). 

2.  Overhead  non-condensable  gas  to  diborane  absorber  (lC-8). 

3.  Bottoms  liquid  product,  largely  BCI3  with  some  BHCI2.  to 
prefractionator. 

F.  Controls 

1.  Automatic 

a.  Temperature  in  lower  part  of  column  is  controlled  by 
TRC-36.  Controller  regulates  steam  flow  to  Integral 
reboiler  and  therefore  determines  boll-up  rate. 

b.  Pressure  is  determined  by  PRC-30,  on  overhead  gas 
discharging  from  diborane  absorber  (lC-8),  and  by 
pressure  drop  through  that  absorber. 

c.  Feed  to  the  column  is  the  total  gaseous  product  of 
the  prefractionator  (lC-3)  and  therefore  requires 
no  control. 

2.  Manual  -  None 

3.  Analytical 

Product  purity  is  determined  cy  analysis  of  overhead  liquid 
or  gas.  IK,  chromatographic  or  wet  chemical  methods  may  be 
employed. 
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•  G.  Design  operating  conditions 

1.  Temperature  -  168*F.  (bottom) 

-70*F.  (top) 

2.  Pressure  -  77  pslg. 

3.  Flow  rates  “  feed  -  373  lbs. /hr. 

bottoms  -  354  lbs. /hr. 

reflux  “  60  lbs. /hr. 

overhead  liquid  product  -  7.5  lbs. /hr. 

uncondensed  overhead  gas  -  11.4  lbs. /hr.  (ca.  50%  ^2^6 

by  vol.) 

H.  Alarms 

1.  Low  and  high  level  alarms  on  column  bottoms. 

2.  Low  and  high  level  alarms  on  overhead  accumulator. 

V.  HCl  Fractionator  (1C“5) 

A.  Description 

Column  is  carbon  steel,  12"  dla.  x  26’  high,  21  ft.  of  which  are 
packed  with  1"  Intalox  saddles.  The  column  and  reboiler  (lE-18) 
have  1-1/2"  insulation. 

B.  Function 

Virtually  complete  separation  of  HCl  and  BCI3,  producing  a  bottoms 
product  of  pure  BCl^,  and  an  overhead  of  substantially  pure  HCl. 

C.  Pressure  Ratings 

1.  Design  pressure  -  440  pslg  at  650* F. 

2.  Relief  devices 

BD"9,  1-1/2"  at  400  pslg,  backed  up  by  PSV-6,  1-1/2"  x  2" 
at  440  pslg. 

D.  Feed  Stream 

Bottoms  liquid  from  secondary  absorber  (1C=2). 
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E.  Exit  Streams 

1.  Substantially  pure  liquid  HCl  from  top  to  storage  tank  (lC-9). 

2.  Non-condensable  overhead  gas  recycled  to  secondary  absorber 
(lC-2). 

3.  Pure  BCl^  bottoms  for  recycle  to  secondary  absorber  (lC-2) 
and  for  feed  to  furnace-reactor  (lF-1^2). 

F.  Controls 


1.  Automatic 

a.  Temperature  in  lower  part  of  column  is  controlled  by 
TRC-41.  Controller  regulates  steam  flow  to  external 
reboiler  (IE- 18)  and  therefore  determines  boil-up  rate. 

b.  Pressure  is  determined  by  PRC-35>  controlling  discharge 
of  non-condensable  overhead  gas. 

c.  Feed  to  the  column  is  the  bottoms  liquid  from  the 
secondary  absorber  (lC-2)  and  is  regulated  by  the  level 
controller  (LIC-11)  on  that  unit. 

d.  Reflux  rate  is  controlled  by  FIC-7. 

e.  Level  in  the  column  bottom  is  controlled  by  LlC-14. 

f.  Level  in  the  overhead  accumulator,  and  therefore  the 
product  take-off  rate,  is  controlled  by  LIC-17. 

2.  Manual  -  None 

3.  Analytical 

a.  Overhead  product  (HCl)  purity  is  determined  by  analysis 
of  overhead  liquid  or  vapor.  IR,  chromatographic  or 
wet  chemical  methods  may  be  employed. 

b.  The  presence  of  HCl  in  the  bottoms  product  cannot  be 
readily  detected. 


G.  Design  Operating  Conditions 


1.  Temperature  -  285'F.  (bottom) 

17'F.  (top) 


2.  Pressure  -  300  psig. 


3.  Flow  rates  -  feed 

bottoms 

reflux 

Overhead  liquid  product 
Uncondensed  overhead  gas 


4915  lbs. /hr. 
4840  lbs. /hr. 
318  lbs. /hr. 
59  lbs. /hr. 
13  lbs. /hr. 
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H.  Alarms 

1.  Low  and  high  level  alarms  on  column  bottoms. 

2.  Low  level  alarm  on  overhead  accumulator. 

VI.  Diborane  Storage  Tanks  (1C*7A  and  B) - 

A.  Description 

Vessels  are  approximately  2  ft.  in  dia.  x  5  ft.  high  and  are  made 
of  Type  304  SS.  They  are  insulated  with  2-1/2"  of  polyurethane 
for  -20®F.  duty.  Their  capacity  is  approximately  100  gallons,  or 
300  lbs.  of  product.  They  have  internal  cooling  coils  with 
refrigeration  provided  by  the  auxiliary  refrigeration  unit(5V-2). 

B.  Function 

Store  a  week's  operating  supply  of  diborane  for  Step  II. 

C.  Pressure  Rating 

1.  Design  -  646  psig  at  -lOO^F.  or  +  450*F. 

2.  Relief  devices 

a.  BD's  13  and  15,  1-1/2"  at  530  psig,  backed  up  by  PSV's 
8  and  9,  respectively,  1-1/2"  x  2"  at  645  psig. 

b.  BD's  14  and  16,  3"  at  900  psig. 

D.  Feed  Stream 

Overhead  liquid  diborane  from  disproportlonator  (lC-4)  by  way 
of  pump  (lG-5). 

E.  Exit  Streams 

1.  Gaseous  B2Hg  to  Step  II. 

2.  (As  needed.)  Off-spec  liquid  B2Hg  out  bottom  of  tank  to 
disproportlonator  for  rerun. 

F.  Special  Features 

1.  Refrigeration  system  is  arranged  to  automatically  provide 
heat  if  required  to  maintain  adequate  vapor  pressure  in  the 
tanks  for  feeding  Step  II. 

2.  Liquid  lines  to  and  from  the  tanks  are  equipped  with  relief 
valves  (PSV's  20  and  21),  3/4"  x  1"  at  300  psig,  to  relieve 
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pressure  In  event  that  slug  of  liquid  Is  Isolated  between 
valves.  The  gas  line  from  the  tanks  is  also  equipped  with 
a  relief  valve  (PSV-19)  3/4"  x  1"  at  300  psig  relieving 
back  into  the  tank  (1C-7A).  Note  that  all  these  relief 
valves  discharge  to  a  higher  pressure,  normally  205  psig, 
and  therefore  do  not  open  until  an  actual  pressure  of 
505  psig  is  attained. 

3.  Each  tank  is  equipped  with  board-mounted  level  indicators 

(LI-7  &  8)  and  board-mounted  pressure  indicators  (PI- 10  &  21). 


G.  Controls 

1.  Automatic 

a.  Tenqserature  is  maintained  at  proper  level  by  auxiliary 
refrigeration  system.  Control  is  achieved  by  Sporlan 
thermostatic  valve. 

b.  Pressure  is  maintained  above  a  minimum  level  -  a  switch 
operating  off  the  board-mounted  pressure  receiver  operates 
a  pair  of  solenoid  valves  in  the  refrigeration  system, 
converting  it  to  a  thermal- syphon  system  transmitting 
heat  into  the  tank  contents.  This  arrangement  is  needed 
to  offset  the  self-refrigeration  effect  resulting  when 
vapor  is  taken  off  the  tank  to  feed  Step  II. 

c.  Filling  rate  is  controlled  by  LIC-16  on  the  overhead 
accumulator  for  the  disproportionator  (lC-4). 

d.  Withdrawal  rate  of  vapor  to  Step  II  is  controlled  by  FRC-1. 

2.  Manual  -  None 

3.  Analytical 

Product  purity  may  be  determined  through  a  combination  of  IR, 

chromatographic,  and  wet  chemical  methods. 


H.  Design  operating  conditions 

1.  Temperature  -  -10"F. 

2.  Pressure  -  205  psig 

3.  Flow  rates  -  Filling 

Withdrawal 


7.5  lbs. /hr, 
5.2  lbs. /hr. 


I,  Alarms 

High  pressure  alarms  (FAH-20  and  21). 
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OPERATING  INSTRUCTIONS 

A.  H2  Transfer  Pump 

1.  Permit  level  In  1C~4  overhead  accumulator  to  read  50X  or  more 
with  design  reflux  rate. 

2.  Check  and  record  level  In  dlborane  storage  tank  (1C~7A;  7B). 

3.  Check  valves  to  Insure  proper  setting  for  normal  reflux. 


Valve 

Normal  Reflux 

Prenaratorv 

Transferring 

DB  Tank  Top 

Closed 

Open 

Closed 

DB  Tank  Bottom 

Closed 

Open 

Closed 

Storage  to  1C~7A 

or 

1C-7B 

Closed 

Closed 

Open 

DB  Tank  Bypass 

Open 

Closed 

Open 

H2'DB  Equalizing 

Closed 

Closed 

Open 

Open  valve  st  the 

top  of  DB  tank  In 

lC-4  reflux 

return  line  In 

order  to  vent  excess  H2. 

5.  Open  valve  at  the  bottom  of  06  tank  to  remove  all  H2  and  permit 
entry  of  liquid  dlborane  Into  OB  tank. 

6.  Close  DB  tank  bypass  valve. 

7.  Admit  H2  Into  H2  ptess'jre  tanks  until  gauge  reads  300  pslg. 

8.  Allow  DB  tank  to  fill  with  liquid  06.  Check  closely  any  changes 
In  reflux  rste  and  temperature  In  1C~4  tops.  If  conditions  are 
normal,  open  DB  tank  bypass  and  close  valves  at  top  and  bottom 
of  DB  tank. 

9.  Open  valve  from  DB  tank  to  1C-7A  or  1C-7B. 

10.  Open  equalizing  valve  between  H2  pressure  tanks  and  DB  tank. 
Transfer  Is  now  In  progress.  Close  equalizing  valve  when  H2 
pressure  equalizes  with  that  of  1C-7A  or  B.  Close  valve  from 
DB  tank  to  1C-7A  or  1C-7B. 

11.  Open  valve  at  the  top  of  DB  tank  momentarily  In  order  to  vent 
down  to  about  75  psig. 

12.  Check  all  vslve  settings  for  normal  reflux. 
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FURNACE- RgACTOR  SECTIOM  (lE-1,  lF-1,  lF-2) 

I.  Start-Up 

A.  Establish  H2  flow  through  reactor. 

1.  Follow  normal  start-up  procedure  for  Step  I. 

2.  Set  specified  flow  rate  on  FRC-2  and  check  that  It  and  H2 
purity  (H2R)  are  satisfactory. 

B.  Prepare  to  light  burners. 

1.  Open  all  block  valves  In  furnace  firing  system  other  than 
trim  valves  on  Individual  burners  and  the  solenoid  valve  In 
the  gas  main. 

2.  Set  control  points  on  TRC-47  and  48  at  low  end  of  scale  (ICOO'F.). 
Put  controllers  on  manual  and  set  air  output  at  4  pslg. 

3.  Start  turbo  blower  for  combustion  air  and  purge  combustion 
chamber  for  at  least  5  minutes. 

4.  Manually  open  gas  solenoid  valve. 

C.  Light  burners  one  at  a  time. 

1.  With  aspirators  previously  set  for  proper  fuel/alr  ratio,  open 
the  trim  valve  for  each  burner  while  holding  a  Prest-O-Llte 
torch,  or  other  suitable  Igniter,  at  tip  of  burner,  starting 
at  top  of  furnace  and  working  down. 

2.  Adjust  trim  valves  as  necessary  to  give  approximately  equal 
fire  at  each  burner.  Temperatures  of  skin  thermocouples 

as  Indicated  by  TR-1  through  TR-9  should  be  used  as  a  guide. 

3.  Put  controllers  (TRC-47  and  48)  on  automatic  and  gradually 
raise  temperatures  to  specified  operating  level,  checking 
for  even  temperature  distribution  as  shown  by  TR-1. 

II.  Shutdown  (See  also  Step  I  shutdown  procedure) 

A.  Normal 

1.  Turn  down  furnace  to  low  fire  setting  utilizing  controllers 
(TRC-47,  48),  then  turn  off  fuel  gas  by  closing  main  block 
valves  adjacent  to  solenoid  operated  valve. 
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2.  When  temperature  of  reactants  leaving  furnace  (TRC-48)  drops 

to  1000'’F.  or  beloWj  stop  BCI3  flow  to  reactor  utilizing  FRC-1. 
Acknowledge  low  flow  alarm  (FAL-3).  WABJtlNG:  DO  NOT  STOP 
FLOW! 

3.  When  temperature  of  reactants  leaving  furnace  (TRC-48)  drops 
to  300®F.  or  lower,  shut  off  H2  flow  utilizing  FRC-2.  Acknow¬ 
ledge  low  flow  alarm  (FAL-4) . 

4.  Shut  off  turbo  blower  supplying  combustion  air  to  the  furnace. 
Check  that  solenoid  valve  trips. 

5.  Close  all  valves  in  furnace  firing  system  including  burner 
trim  valves. 

B.  Emergency 

1.  Turn  off  gas  supply  to  furnace  by  manually  operating  micro 
switch  in  TR-1  which  trips  solenoid  valve  in  gas  supply  line. 

2.  If  emergency  condition  warrants,  shut  off  BCI3  and  H2  feeds 
to  reactor  by  manually  closing  the  control  valves  from  FRC-1 
and  FRC-2.  This  procedure  is  not  normally  desirable  because 
of  the  likelihood  of  damaging  the  reactor  due  to  lack  of 
cooling  provided  by  the  feed  stream. 

3.  If  Step  2  above  is  taken,  open  steam  purge  line  to  furnace  to 
rapidly  cool  the  unit  and  inert  the  atmosphere. 

4.  Follow  other  steps  for  normal  shutdown  as  time  permits. 

REVISED  DIBORANE  REFLIDC 
AND  TAKE-OFF  SYSTEM 

The  diborane  reflux  and  take-off  system  has  been  revised  (see  Fig. 

61  in  text)  to  provide  improved  safety  and  simpler  operation. 

This  system  has  been  redesigned  so  as  to  provide  at  least  two  valves 
between  the  diborane  and  the  areas  that  might  have  to  be  opened  to  the  atmos¬ 
phere  for  repairs.  For  this  reason,  four  extra  valves  have  been  installed  in 
the  system.  These  extra  valves.  Nos.  3,  II,  12  and  19  in  Figure  61,  are 
designated  as  "Safety  Valves"  and  are  to  be  left  open  until  such  time  as  the 
system  is  to  be  opened  to  the  atax>sphere.  Since  these  valves  are  left  open 
at  all  times  during  normal  operation,  the  valve  seats  should  remain  clear 
and  a  positive  shut-off  should  be  Insured. 
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Normal  operation  of  the  reflux  and  take-off  system  will  be  as  follows: 

1.  The  entire  Step  1  system  is  filled,  pressurized  and  the  BCI3 
flow  cycle  established  as  outlined  in  the  existing  Step  I 
Operating  Procedures. 

2.  Set  valves  as  follows: 


Valve  No.  1 

Closed 

Valve  No.  7 

Open 

3 

Open 

8 

Open 

4 

Open 

9 

Closed 

5 

Closed 

10 

Open 

6 

Closed 

11 

Open 

Establish  reflux  on  the  disproportionator  (lC-4)  in  the  normal 
manner. 

3.  Cool  down  1C-7A  as  far  as  possible  with  the  auxiliary  (Brunner) 
refrigeration  unit,  turn  on  the  nilnus  100  refrigeration  to  the 
colls  on  1C-7B.  After  1C-7B  is  very  cold,  shut  off  the 
refrigerant  going  to  1C-7A  coils  from  the  Brunner  and  open 

the  line  from  both  tanks  to  Step  II.  Make  sure  that  this  line 
is  shut  off  at  the  Step  II  feed  point. 

4.  The  line  below  Valve  No.  1  out  to  the  diborane  storage  tanks 
should  be  free  of  all  liquid  and  contain  only  pure  lU  or 
diborane  vapors.  If  any  impure  material  gets  into  this  line, 
it  can  be  blown  out  into  the  bottom  of  lC-8  by  opening 
Valves  14,  IS  and  16  and  then  pressurizing  the  system  with  H2 
from  the  pressurizing  line  (IH  94-S/8B)  by  opening  Valve  2. 

5.  When  the  temperatures  on  the  top  of  lC-4  and  analytical  controls 
indicate  that  the  material  in  the  top  of  lC-4  is  pure  diborane 
(design  -  minus  70*F.  at  76  psig),  gradually  reduce  the  setting 
of  FIC-S  to  the  specified  reflux  flow  rate  and  align  valves  on 
take-off  line  as  follows: 


Valve  No.  1 

Closed 

Valve  No.  16 

Closed 

2 

Closed 

17 

Closed 

12 

Open 

18 

Closed 

13 

Closed 

19 

Open 

14 

Open  Partly 

20 

Closed 

15 

Closed 

21 

Open 

6.  When  a  liquid  level  has  been  established  in  lC-4  accumulator 
(check  operation  of  LIC-16),  open  Valve  1  and  adjust  Valve  14 
so  as  to  maintain  a  low  level  in  the  accumulator. 

7.  Take  off  diborane  into  1C-7B  until  the  lines  to  the  diborane 
storage  tank  are  cold,  then  shut  Valve  21  and  open  Valve  20. 
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8.  Shut  off  the  refrigeration  to  1C-7A^  if  not  done  previously 
(Item  3). 

9.  With  the  valves  in  the  prescribed  manner^,  liquid  diborane  at 
-100“F.  should  be  put  into  1C-7A  by  gravity  flow.  Initially, 
much  of  the  liquid  diborane  will  be  flashed  off  and  recondensed 
In  ?C-7B  until  1C-7A  is  cooled  down  to  close  to  -100“F. 

10.  In  the  event  of  inability  to  flow  by  gravity,  close  the  valves 
on  the  DB  tanks  leading  to  Step  II  first.  Then  close  Valve  20 
and  open  Valve  21  and  attempt  to  go  into  1C-7B  by  gravity. 

11.  If  either  or  both  tanks  cannot  be  filled  by  gravity  flow, 
pump  (lG-5)  will  have  to  be  used.  Close  Valve  lA  and  open 
Valves  13  and  15  and  start  the  pump. 

12.  Throughout  run,  continue  to  adjust  TRC'-36  to  maintain  proper 
top  temperature  and  reflux  rate.  Also  adjust  Valve  lA  (or 
lG-5  pump  stroke)  as  necessary  to  keep  minimum  practice 
inventory  of  DB  in  column  IC-A. 

SHUTDOWN  PROCEDURE 

A.  As  production  of  diborane  decreases,  following  shutdown  of  the 
reactor,  increase  reflux  ratio  on  IC-A  to  maintain  product  purity 
by  increasing  the  setting  of  FIC-5. 

B.  When  the  temperature  on  the  upper  middle  portion  of  IC-A  goes  up 
S'lO^F.,  indicating  that  the  amount  of  diborane  in  the  column  is 
being  depleted,  shut  off  Valve  1  and  increase  the  setting  of 
FIC-5  to  the  maximum.  Then  shut  off  the  steam  to  the  reboiler 
(TRC-36). 

C.  Shut  off  the  disproportionator  bottoms  pump  (IG-A,  and  IG^S  pump 
if  in  use). 

D.  Shut  down  the  remainder  of  the  system  per  standard  operating  pro¬ 
cedures. 

E.  Shut  down  the  refrigeration  unit  per  instructions. 

F.  Turn  refrigerant  from  the  Brunner  refrigeration  unit  into  both 
iC-7A  and  1C  7B. 

G.  Shut  Valves  20  and  21  after  the  diborane  take-off  line  has  warmed 
up  to  ambient  temperatures  t'^us  vaporirlng  any  diborane  left  in 
these  lines  and  reconde-.slng  it  iri  '-■'t  of  'he  DB  storage  tanks. 


Note:  In  the  event  that  the  system  must  be  opened  cp  fcr  any  reason,  the 

apprcc' ia'"e  safety  valves  should  be  closed  t'-e  lines  vented  and 
flushed  with  N2  several  times  then  pressurized  with  N2  and  the 
seconoary  valves  next  to  the  equipment  closed. 
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OPERATING  PROCEDURES 
Step  IV  -  BClj  Purification 


PREPARATION  BEFORE  START-UP 

I.  Place  and  connect  BCl^  cylinder. 

A.  Use  fork  lift  truck  to  place  cylinder  (chlorine  type)  on  veigh 
scale  (4V-2). 

B.  Remove  valve  protective  cover  and  rotate  cylinder  on  rollers 
as  necessary  to  place  both  valves  in  vertical  alignment.  Lower 
valve  now  connects  to  the  bottom  of  the  cylinder  by  a  dip  tube^ 
while  the  upper  valve  connects  to  the  vapor  space. 

C.  Connect  cylinder  to  the  Step  IV  system. 

1.  Connect  upper  flexible  hose  to  upper  cylinder  valve. 

2.  Connect  lower  flexible  discharge  hose  to  lower  cylinder 
valve. 

3.  Open  valve  between  upper  flexible  connection  and  QO. 

4.  Evacuate  and  backfill  with  N2  each  flexible  connection, 
utilizing  appropriate  QO. 

0.  Record  weight  of  full  cylinder. 

E.  Set  low  weight  alarm  (WAL-1)  150  lbs.  greater  than  tare  weight 
of  cylinder,  thus  providing  for  a  signal  when  cylinder  is 
nearly  empty. 

II.  Conditions  which  must  be  specified  before  each  run. 

A.  Charge  to  column. 

B.  Reflux  and  product  take-off  rates. 

C.  Maximum  permissible  phosgene  content  of  BCI3  product. 

D.  Maximum  permissible  concentration  of  high  molecular  weight 
impurities  in  BCI3  product.  With  experience,  column  temperature 
may  serve  as  a  guide  to  the  build-up  of  these  impurities. 

E.  Distillation  pressure. 
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START-UP 

1.  Condition  of  equipment  at  beginning  of  start-up. 

A.  All  equipment  is  tlght^  dry,  clean^  oxygen-free^  and  under  N2 
pressure  at  approximately  20  pslg, 

B.  The  following  equipment  Items  have  been  turned  on  and  are 
operative;  Destructive  scrubber  pump  (6G-2)  and  gas  purge 
on  vent  system’  Cooling  tower  pump  (6G-3)  and  fan  (6V“l)j 
Air  compressor  (6K-1)  and  prepilot  plant  air  compressorj 
Vacuum  pump  (6K-2);  N2  supply  (check  level  for  adequate  supply). 

C.  Turn  cooling  water  on  to  the  BCl^  distillation  overhead  con¬ 
denser  (4E-2A). 

D.  Open  both  liquid  discharge  and  vapor  return  valves  to  selected 
BCI3  storage  tank  (4C-2A,  B,  or  C) . 

II.  Charge  column  (2C-4A)  with  BCI3  for  batch  operation. 

A.  Pressurize  BCI3  cylinder  with  N2. 

B.  With  flow  through  FC-9  and  FI-7  closed^  open  instrument  bypass 
and  oermit  BCI3  to  flow  into  column  f4C-2A)  through  normal  feed 
point.  Follow  weight  on  scale  (4V-?).  When  last  150  lbs.  are 
going  to  column^,  watch  weight  closely  and  as  soon  as  weight 
remains  constant  and  liquid  flexible  connection  vibrates, 
cylinder  is  empty. 

CAUTIW:  Minimize  nitrogen  put  into  system  as  this  must 

eventually  be  vented  with  accompanying  BCI3  loss. 

C.  Change  BCl^  cylinder  as  necessary  to  provide  the  desired  charge. 

1.  Record  weight  of  empty  cylinder. 

2.  Close  discharge  block  valve  (l.e..  Instrument  bypass  valve). 
Blow  N2  back  to  cylinder,  close  cylinder  valve,  Chen  blow 
sufficient  N2  feed  line  to  column  to  give  a  gas  cushion  in 
Che  line  and  again  close  feed  line  valve. 

3.  Evacuate  flexible  connections  and  backfill  with  N2 . 

4.  Disconnect  flexible  ccnnectlons  to  cylinder .  (WARNING;  Wear 
mask  and  gloves').  Replace  value  cover. 

5.  Remove  cylinder  by  fork  lilt  after  properly  labeling. 

6.  Psconnect  new  cylinder  as  described  in  PRBfAFATlON  BEF0P£ 
S'^APT-VF  and  start  flew. 
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D.  When  column  is  fully  charged  as  indicated  on  LG'5,  close  N2 
supply  valve  and  both  cylinder  valves.  Blow  BCI3  in  charge 
line  into  column  (4C-2A)  by  connecting  vacuum-N2  hose  to  QD. 

It  may  be  necessary  to  vent  pressure  in  column  if  excessive 
N2  has  been  put  into  column.  Column  pressure  should  not 
exceed  25  psig  before  start-up.  Close  valve  in  feed  line  at 
column  inlet.  Record  final  cylinder  weight. 

III.  Provide  cylinder  for  collection  of  volatile  impurities. 

A.  If  cylinder  from  which  BCl^  charge  has  been  removed  is  empty, 
disconnect  it  and  remove  it  from  the  system  as  outlined  in 
Section  II-C. 

B.  If  cylinder  to  be  removed  is  partly  full,  evacuate  and  back¬ 
fill  with  N2  the  flexible  hose  connections  to  the  cylinder. 
Replace  valve  cover,  label  and  remove  cylinder  to  storage  by 
lift  truck. 

C.  Again  using  fork  lift  truck,  set  in  place  on  weigh  scale  (4V-2) 
the  cylinder  designated  to  receive  the  top  cut,  align  valves 
vertically,  and  set  valves  to  connect  top  and  bottom  cylinder 
valves  to  the  1-1/2”  gas- liquid  line.  Evacuate  connection, 
then  pressurize  cylinder  with  N2  to  approximately  5  psig. 

Open  adjacent  block  valves  to  1-1/2"  line.  Record  starting 
weight  of  cylinder. 

IV.  Heat  up  column  and  establish  reflux  conditions. 

A.  Align  valves  in  liquid  lines  from  overhead  accumulator  for 
total  reflux. 

B.  Align  valves  in  vapor  line  from  overhead  accumulator  to  con¬ 
nect  to  BCl^  cylinder  on  weigh  scale  (4V-2). 

C.  Cautiously  admit  steam  to  reboller  (4E-3A)  to  heat  up  charge. 
Vent  pressure  as  necessary  through  vent  connection  to  overhead 
accumulator  to  maintain  pressure  (FI-5)  at  specified  level 
(design  -  52  psig). 

D.  Continue  to  increase  steam  pressure  (PI-22)  on  reboller  until 
specified  reflux  rate  is  achieved  (design  -  120  gph) .  Check 
operation  of  pressure  controller  to  maintain  pressure  at 
specified  level. 

V.  Remove  phosgene- rich  cut. 

A.  Ascertain  phosgene  content  of  overhead  material  achieved  under 
total  reflux  condition  by  IR  analysis.  Experience  may  permit 
estimation  with  sufficient  accuracy  from  analysis  of  BCI3 
charged. 
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B.  Maintain  column  on  total  reflux  for  8  hours  -  then  open  take-off 
valve  through  FI-3A  for  4  minutes.  This  material  goes  to 
cylinder  on  weigh  scale.  Allow  column  to  return  to  equilibrium 
on  total  reflux  (4V-2). 

C.  Repeat  Step  B  until  overhead  is  acceptable  for  storage.  Two 
cuts  will  generally  give  a  product  cut  well  under  the  0.1% 

COCI2  specifications. 

D.  When  overhead  is  considered  acceptable  for  storage^  and  with 
column  on  total  reflux,  close  block  valve  at  northeast  corner 
of  structure  in  line  to  BCl^  cylinder-receiver. 

E.  After  connecting  line  to  cylinder  has  drained,  disconnect 
cylinder  according  to  previous  instructions  and  record  final 
weight.  Replace  valve  protector  and  label  cylinder. 

VI.  Establish  product  take-off  to  designated 
storage  tank  (4C-4A,  B,  or  C) 

A.  Adjust  pressure  in  designated  tank  to  be  equal  or  slightly  less 
than  pressure  (PI- 18)  on  overhead  accumulator  by  adding  N2  if 
required  or  by  venting. 

B.  Align  valves  to  connect  designated  tank  to  overhead  accumulator 
vent  line.  Make  minor  pressure  adjustment  if  required. 

C.  Establish  specified  product  take-off  rate  through  FI-3A  (design, 
80  gph). 

D.  Continue  removal  of  product  until  reboiler  level  is  too  low  for 
efficient  operation  or  reboller  temperature  (TI-5-4)  rises 
approximately  20‘’F.  higher  than  top- of- column  temperature 
(TI-5-2)  indicating  a  build-up  of  high  boiling  impurities  in 
the  bottoms.  Analysis  of  overhead  product  during  early  batches 
will  help  establish  a  maximum  allowable  temperature  rise. 

F.  When  product  take-off  is  to  be  discontinued,  close  valve  to 
FI-3A,  and  permit  line  to  BCl^  tank  to  drain.  Shut  down 
steam  to  reboiler,  close  valve  to  storage  section  at  northeast 
corner  of  Step  I  structure  and  liquid  and  vapor  block  valves 
adjacent  to  storage  tank. 

VII.  Remove  bottoms  material,  rich  in  high-bollets,  if  they  occupy  a 
significant  portion  of  reboiler  volume  or  if  analysis  Indicates 
same.  Distill  as  much  as  possible  from.  the.  bottom,  using  a  high 
reflux  ratio  ilO/1'  when  it  is  necessa'v  to  remove  heavy  com- 
ponetcs  from  the  pot. 

A.  Connect  weighed  100-pound  cylinder  cc  flexible  hose  on  end 
of  draln-to-decontamlnation  line. 
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B.  Open  cylinder  valve  and  evacuate  cylinder  through  the  QD 
provided. 

C.  Note  reboller  liquid  level  (4LG-5). 

0.  Open  the  valve  at  the  bottom  of  the  drain  line  to  fill  the 
cylinder  approximately  80%;  do  not  completely  fill  cylinder 
since  there  would  be  danger  of  overpressurizing  the  cylinder 
by  hydrostatic  pressure  after  It  had  been  valved  off. 

E.  After  draining  the  short  section  of  line  from  the  process  line 
block  valve,  close  the  cylinder  valve  and  evacuate  and  N2~purge 
the  flexible  hose,  using  the  QD  provided. 

F.  Disconnect  the  cylinder,  which  Is  then  ready  for  weighing  and 
moving  to  the  acid  disposal  scrubber. 

G.  Cap  the  end  of  the  flexible  hose  to  prevent  contamination  of 
open  end  of  hose. 

SHITTPOWN 

1.  Check  that  product  take*off  and  steam  control  valves  are  closed  as 
previously  described,  and  that  BCl^  supply  and  disposal  cylinders 
are  disconnected. 

11.  Admit  N2  to  column  as  necessary  to  raise  pressure  to  20  pslg. 

111.  Turn  off  cooling  water  to  condenser  and  valve  In  feed  line  adjacent 
to  column  for  a  prolonged  shutdown. 

RERUN  OF  PRODUCT  IN  TANKS 

(4C-4A.B.C)  IF  IMPURE 

1.  Start  cooling  water  to  suction  line  cooler  to  pump  (4G-2). 

11.  Open  the  bottoms  withdrawal  line  valve  on  the  storage  tank  con¬ 
taining  the  material  to  be  rerun.  (Leave  drain  line  valve  closed.) 

111.  Check  that  Step  1  feed  line  downstream  of  (4F1-7}  to  see  that  It 
Is  closed. 

IV.  Open  corresponding  valve  to  column  (4C-2A}  between  pump  and  column. 

V.  Start  feed  to  the  column  by  starting  the  feed  pump  (4G-2).  Since 
this  pump  Is  normally  controlled  by  LlC-14,  the  pumping  rate  Is 
set  by  a  manual  setting  of  that  Instrument. 

VI.  The  remainder  of  the  rerun  operation  Is  similar  to  the  normal 
procedure  already  described. 
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EQUIPMENT 

I.  BCI3  Distillation  column  (4C-2A). 

A.  Description 

Column  Is  carbon  steel  8”  dla.  x  24°  hlgh^  21  ft,  of  which  are 
packed  with  1/2“  Intalox  saddles.  The  reboller  pot  Is  approxi¬ 
mately  35-1/2"  dla.  X  9'  and  will  hold  a  normal  BCI3  charge  of 
3000  lbs.  Steam  colls  In  the  reboller  operate  on  40  pslg 
steam.  The  overhead  condenser  (4E-2A)  Is  a  10  ft.  Grlsum- 
Russell  flntube  with  cooling  water  on  the  shell  side  and  the 
process  on  the  tube  side. 

B.  Pressure  Ratings 

1.  Design  pressure  -  225  pslg  at  250‘’F. 

2.  Relief  devices 

BD-2,  1-1/2"  at  200  pslg,  backed  up  by  PSV-1,  1-1/2"  x  2" 
at  225  pslg. 

C.  Feed  Streams 

1.  Liquid  BCI3  from  storage  cylinder  on  weigh  scale  (4V-2). 

2.  (Alternate)  Liquid  BCI3  from  storage  tanks  (4C-4A, B,  or  C) 

for  rerun. 

D.  Exit  Streams 

1.  Liquid  BClo  overhead  to  storage  cylinder  on  weigh  scale 
(4V-2)  if  impure,  or  to  storage  tanks  (4C-4A,B,  or  C) . 

2.  High  boilers  out  bottom  outlet  to  100  lb.  cylinder  on 
Intermittent  basis. 

E.  Function 

Produce  a  purified  BCl^,  low  In  phosgene  and  In  high  boilers, 
for  use  as  a  feed  material  to  Step  I. 

F.  Controls 

1.  Automatic  -  None. 

2.  Manual 

a.  Column  pressure  Is  maintained  at  desired  level  by  hand 
venting  overhead  accumulator  to  destructive  vent  header. 
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b.  Boll-up  rate,  as  indicated  on  reflux  flow  indicator 
(FI-2A)  and  product  flow  indicates  (FI-3  and  3A),  is 
controlled  by  hand  control  valve  on  steam  to  reboiler. 

c.  Reflux  temperature  can  be  controlled  within  limits  by 
hand  control  valve  on  cooling  water  to  condenser  (4E-2A). 

d.  Product  take-off  rate  is  controlled  by  hand  valve. 

3.  Analytical 

a.  Phosgene  content  of  overhead,  and  therefore  its  accept¬ 
ability  as  Step  I  feed  material,  is  determined  by  IR 
analysis. 

b.  Level  of  high  boilers  in  overhead  (and  in  bottoms  for 
material  balance  purposes)  is  determined  by  IR  and  wet 
chemical  methods. 

G.  Alarms  -  None 

II.  Purified  BCI3  Storage  Tanks  (4C-4A,  B  or  C) 

A.  Description 

Each  tank  is  carbon  steel,  approximately  24"  dia.  x  9'  high 
and  holds  approximately  175  gallons  (2000  lbs.)  of  BCl^. 

B.  Pressure  rating 

1.  Design  pressure  -  100  psig  at  650°F. 

2.  Relief  devices 

BD-2,  4  and  5,  1-1/2"  at  90  psig,  backed  up  by  PSV-3,  4  and 
5,  respectively,  1-1/2"  x  3"  at  100  psig. 

C.  Feed  Stream  -  purified  BCI3  from  distillation  column  (4C-2A). 

0.  Exit  Streams 

1.  Purified  BCl^  to  Step  I  via  pump  4G-2. 

2.  (Alternate)  Off-spec  BCl^  to  distillation  column  (4C-2A) 
for  rerun. 

E.  Function 

Hold  a  supply  of  purified  BCl^  for  Step  I. 
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F.  Controls  -  None 

G.  Alarms  -  None 

III.  Purified  BCl^  charge  pump  (4G"2) 

A.  Description 

Lapp  Pulsafeeder^  Type  CPS-2.  Capacity  Is  13.7  gph,  at  75  rpm. 

SS  diaphragm  with  teflon  gasketing.  Maximum  allowable  pressure 
Is  600  pslg.  Cone-type  check  valves. 

B.  Design  Operating  Conditions 

1.  Flow  0.1  gpm  (63.7  lbs. /hr.). 

2.  Discharge  pressure  -  340  pslg. 

C.  Relief  Devices 

1.  External  -  None 

2.  Internal  -  370  pslg. 

D.  Suction  -  from  BCl^  storage  tanks  (4C-4A,  B  or  C) . 

E.  Discharge  -  to  Step  I  (constitutes  a  portion  of  feed  to  reactor). 

F.  Function 

Provide  purified  BCl^  to  Step  I  as  required. 

G.  Special  Features 

1.  Suction  to  pump  Is  cooled  In  a  double  pipe  heat  exchanger 
to  prevent  cavitation  In  the  pump. 

2.  Suction  to  pump  goes  through  a  Y  strainer  to  eliminate 
particles  which  might  Interfere  with  cone  checks  In  pump. 

H.  Controls  -  automatic. 

Pumping  rate  is  controlled  by  one  LIC-14,  the  level  controller 
on  the  HCl  column  (lC-3).  Signal  to  the  pump  is  recorded  by 
R-8,  and  flow  rate  Indicated  by  rotameter  FI-7. 

I.  Alarms  -  None. 
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IV.  BCI3  Weigh  Scale  (4V-2)  and  Cylinder  Roller  (4V-3) 

A.  Description 

A  Fairbanks-Morse  Model  1206  simple  beam  scale  with  a  capacity 
of  4000  lbs.  Platform  is  equipped  with  rollers  to  facilitate 
the  turning  of  the  large  BCl^  cylinders  placed  on  the  scales. 

B.  Function 

Provide  an  accurate  measure  of  raw  material  (BCI3)  fed  to 
Step  IV  and  of  phosgene-rich  cut  removed  by  distillation 
column  (4C-2A). 

C.  Alarm 

Low  weight  alarm  (WAL-1)  is  tripped  by  scale  beam  and  signals 
that  cylinder  on  scale  is  nearly  empty. 

V.  Hydrogen  Supply  System 

A.  Description 

H2  normally  comes  from  a  mobile  (trailer)  unit  left  at  the 
unloading  station  by  the  supplier  (Victor  Equip.  Co.). 
Facilities  exist  for  accommodating  two  trailers,  only  one  o* 
which  is  used  at  a  time.  In  addition,  a  reserve  H2  supply 
is  maintained  in  a  bank  of  120  cylinders,  also  provided  by 
the  supplier.  When  a  fresh  trailer  supply  is  connected  up, 
it  is  used  as  necessary  to  pressure  up  the  stationary  bank  by 
momentarily  opening  the  regulator  bypass.  Trailers  are  con¬ 
sidered  empty  at  30  psig. 

B.  Function 

Provide  a  continuous  30  psig  (nominal)  H2  supply  to  Step  I  and, 
if  needed,  a  273  psig  supply  to  Step  II. 

C.  Capacity 

1.  One  trailer  holds  approximately  60,000  scf  (70°F.,  1  atm.). 

2.  The  reserve  bank  holds  40,000  scf. 

D.  Relief  Devices 

1.  Each  cylinder  is  equipped  with  a  fusible  plug  for  relief 
in  the  event  of  it  being  involved  In  a  fire. 

2.  The  H2  header  is  protected  by  PSV-7,  3/4"  x  1"  at  100  psig. 
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E.  Design  Operating  Conditions 

1.  H2  header  pressure  -  50  psig  nominal  (275  psig  for  Step  II). 

2.  flow  rate  -  3.3  lbs. /hr.  (10.3  scfm). 

3.  Temperature  -  Ambient. 

F.  Controls  -  Automatic. 

1.  Pressure  -  H2  header  pressure  is  maintained  by  pressure 
regulators^  one  for  the  trailer  supply  and  one  for  the 
stationary  bank.  The  former  is  set  slightly  higher  than 
the  latter  so  no  flows  from  the  bank  until  the  con¬ 
nected  trailer''s  pressure  has  dropped  to  the  header 
pressure  (50  psig  nominal). 

2.  Excess  Flow  -  Should  the  flow  of  hydrogen  Increase  sub¬ 
stantially  as  in  the  case  cf  the  serious  leak,  a  signal 
from  4FR-6  closes  the  excess  flow  valve  (EV-3)  in  the  H2 
supply  header.  The  valve  must  be  manually  reset  in  the 
open  condition  after  the  unusual  condition  is  corrected. 

G.  Alarm 

1.  If  excessive  flow  condition  exists,  alarm  (FAH-3)  sounds 
simultaneously  with  closing  of  excess  flow  valve  (EV-3). 

2.  PAL-2  sounds  alarm  when  trailer  pressure  reaches  100  psig 
sc  arrangements  can  be  made  to  transfer  to  the  second 
trailer.  In  general,  operation  off  the  stationary  bank 
should  be  avoided  if  possible. 


OPERATING  PROCEDURES 
Step  V  -  Refrigeratlcn 


Operating  Instructions 

This  system  is  designed  to  operate  automatically.  The  compressors 
will  cycle  in  relation  to  the  refrigerating  duty  to  be  performed,  the 
greater  the  load,  the  larger  the  running  period  and  vice  versa.  Since 
operation  is  automatic,  any  change  made  to  one  part  of  the  system  may 
affect  another  part. 


A.  Third-Stage  Coinpresscr 

To  start  up  the  third-stage,  100  h.p.  Worthington  compressor, 
proceed  as  follows 
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1.  Close  the  disconnect  switch  on  the  magnetic  stirrer. 

2.  Depress  the  reset  button  to  "On"  on  the  control  trans¬ 
former  circuit  breaker. 


3.  Push  the  starter  switch  for  the  third-stage  unit. 

4.  The  following  controls  are  In  operation  at  this  time 
on  the  third- stage  unit. 


a.  Time  delay  relay  permits  operation  of  compressor 
until  oil  pressure  up  to  requirements.  Low  oil 
pressure  after  about  90  seconds  will  shut  down 
complete  refrigeration  system. 

b.  Time  delay  relay  opens  all  unloading  solenoids  on 
compressor.  Unit  starts  off  25  per  cent  loaded. 
After  approximately  60  seconds,  relay  closes  and 
solenoids  load  compressor. 

c.  The  unloading  solenoids  will  now  be  operating  at 
the  following  conditions*. 


_ Solenoid  No. 

i _  _ 2 _  _ 3 


Capacity,  unloaded 
Conditions,  unloaded 


757. 

8.0  pslg 
-24'F. 


507. 

4.0  pslg 
-32'F. 


257. 

0.0  pslg 
-42'F. 


Capacity,  loaded 
Conditions,  loaded 


1007. 

10.0  pslg 
-20'F. 


75% 

6.0  pslg 
-28'F. 


50% 

2.0  pslg 
-37'F. 


d.  Low  water  pressure  switch  on  condenser  water  will 
shut  down  the  system  on  low  pressure.  Water  flow 
should  be  set  for  a  rise  of  8°F.  under  full  load 
conditions. 

e.  Both  high  and  low  pressure  cut-offs  will  shut  down 
unit  upon  reaching  set  pressures.  Restart  Is  auto¬ 
matic  on  change  of  pressure  In  the  opposite 
direction. 

5.  At  all  times,  even  when  unit  Is  shut  down,  the  crankcase 
heater  In  the  compressor  Is  on  thermostatic  control. 

6.  Push  "On"  button  on  "Third-Stage  Operation  Only"  switch 
after  third- stage  compressor  has  been  running  for  about 
10  minutes.  This  will  permit  operation  of  first  and 
second-stage  compressors. 
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B.  Fiist  and  Second=-Stage  Compressors 

To  start  up  the  first  (7-1/2  h.p.)  and  second  (10  h.p.)  York  rotary 

compressors,  proceed  as  follows; 

1.  Close  disconnect  switches  on  magnetic  starter  for  each  compressor. 

2.  Push  starter  button  for  each  unit. 

3.  The  following  controls  are  in  operation  at  this  time  on  both  the 
first  and  second-stage  compressors. 

a.  Normally  closed  relay  timer  to  be  open  at  start.  A  bypass 
solenoid  on  the  compressor  is  then  activated  to  permit 
start-up  unloaded.  Timer  closes  bypass  solenoid  after 
about  90  seconds, 

b.  Three-way  solenoid  valve  controls  cooling  water  to  com¬ 
pressor  jacket.  With  power  on,  the  water  goes  through 
the  jacket  to  sump  drain.  With  power  off,  the  water  is 
shut  off  and  the  jacket  drains. 

c.  Both  high  and  low  pressure  cut-offs  will  shutdown  unit. 

Restart  is  automatic  on  change  of  pressure  in  the 
opposite  direction. 

d.  Low  oil  pressure  will  shut  off  unit. 

e.  A  high  temperature  element  in  the  case  of  the  rotary  com¬ 
pressor  will  shut  down  the  unit  if  there  is  an  Inadequate 
cooling  water  flow. 

C.  Weekend  Operation  or  System  Pumpdown 

The  following  procedure  can  be  used  to  either  maintain  the  system 

over  a  weekend  or  for  pumpdown.  Only  the  third-stage  compressor 

is  utilized  for  this  service. 

1.  Push  the  "Off"  button  on  the  "Third-Stage  Operation  Only" 
switch.  This  switch  will  prevent  operation  of  first  and 
second-stage  compressors  and  also  shut  off  oil  feed  Co  these 
two  units.  For  double  safety,  push  the  "Off"  button  on  the 
starter  switches  for  the  second  and  first-stage  compressors. 

2.  Push  starter  button  for  third-stage  unit.  The  system  is  now  on 
pumpdown  operation  and  will  pump  the  liquid  refrigerant  into 
the  high  side  receivers  and  held  the  entire  low  side  at  the 
pressure  setting  on  the  low  pressure  cut-out  switch  on  the 
third  stage. 
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3.  When  Che  "Off"  button  on  Che  "Third-Stage  Operation  Only"  switch 
is  activated,  Che  following  additional  controls  are  shut  off! 

a.  Level  control  for  drain  on  minus  20°F.  accumulator. 

b.  Sporlan  level  control  on  minus  20*’F.  accumulator. 

c.  Level  control  on  minus  50**F.  accumulator. 

d.  Solenoid  on  oil  regenerator. 

e.  Solenoid  on  main  liquid  line  out  of  high  receiver. 

Closing  this  valve  prevents  refrigerant  from  re-entering 
back  into  system. 

D.  Start-Up  of  Refrigerant  Circulating  Pump 

The  circulation  of  R-22  by  means  of  pump  5G-1  provides  Che  refrigera¬ 
ting  medium  for  Che  minus  20  and  minus  50  systems.  To  start  up  this 
system,  proceed  as  follows: 

1.  Pump  5G-1  is  off. 

2.  Open  valve  at  bottom  of  vessel,  5C-2,  and  open  pump  bypass  line 
5R-48  -  3/8"  -  H  back  to  vessel.  Check  pressure  gauge  in  gas 
side  of  5C-2.  Pressure  regulator  5PCV-7  must  be  holding  pres¬ 
sure  in  vessel  4  psig  lower  than  pressure  in  minus  20  accumulator. 
This  reduced  pressure  permits  flow  of  return  refrigerant  from 
minus  20  accumulator  Co  pump  tank  3C-2. 

3.  Fill  vessel  5C-2  about  28"  above  LC-1  level  control  point.  Fill 
by  opening  hand  expansion  valve  in  fill  bypass  line  5R7  -  5/8"  -  H„ 
Check  liquid  level  by  noting  frost  line  on  outside  of  Che  pump 
bypass  line.  (Make  tape  mark  on  this  line  once  best  level  to  fill 
has  been  established.)  Close  hand  expansion  valve  when  proper 
liquid  level  is  reached. 

4.  Start  pump  5G-1  and  circulate  R-22  through  exchangers  on  minus 
20  and  50  systems.  LC- 1  control  should  now  maintain  proper 
level  in  pump  vessel.  If  initial  charge  of  liquid  discharge 
from  pump  draws  down  liquid  level  in  5C-2  too  far,  the  pump 
will  start  to  cavitate.  If  LC-1  does  not  provide  enough  initial 
make-up^  supplement  by  opening  hand  expansion  valve  on  bypass 
(this  is  a  temporary  action  only). 
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APPENDIX  K 

Calculation  Procedures  -  Dtborane  pilot  Plant 
(Sample  Calculations  and  Worksheets) 
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Calculation  Procedures  for  the  Dlborane  Pilot  Plant 


1.  %  Conversion  (from  analysis  of  IE~2E)  discharge) 

mole  1,  BHCI2 


X  Conversion 


mole  X  BHCI2  +  mole  7.  BCI3 

2.  H2/BCI3  Ratio  (from  analysis  of  1E'‘2E  discharge) 

100  -  (mole  X  BHClo  +  mole  X  BCI3) 

Ratio  -  - i 1 

Mole  7.  BHCI2  +  mole  7.  BCI3 


100 


3.  BHCI2  Produced  (as  lbs.  B2Hg) 

a.  BCI3  Feed  to  Reactor 

GPH  (from  1  FRC-1)  x  lbs.  BCl3/gal.  x  time  ■  lbs.  BCI3  fed  to  reactor 

b.  Total  BHCI2  produced  (as  B2H6) 

lbs.  BCI3  fed  to  reactor  x  7.  conversion  x  *g  75  *  ^^^^2  ^2^6^ 

c.  Net  BHCI2  produced  (as  B2Hg) 

Wt.  X  BHCI2  in  BCI3  feed  (from  1C*5B  analysis)  x  lbs.  BCI3  fed  to 

reactor  ■  lbs.  BHCI2  fed  to  reactor 

(Total  BHCI2  produced  -  BHCI2  fed  to  reactor)  x  ■  ^7*7 — 

6  X  82.75 

-  net  BHCI2  (as  B2Hg) 


4.  HCl  Recovered  (as  lbs.  B2Hg) 

a.  lbs.  HCl  liquid  In  lc~9  (from  calibration  curve  of  1C~9) 

b.  lbs.  HCl  vapor 


Volume  of  Vapor  Space  -  34.3  - 


lbs.  HCl  liquid 


Density  of  HCl  In  lb. /gal. 


lbs.  of  HCl  in  vapor  -  pressure  x  yoAume^f  Va^o^.^Eace 

Temperature  R 
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c.  Total  HCl  Recovered  (as  B2Hg)  -  (lbs.  HCl  liquid  +  lbs.  HCl  vapor) 

27.7 

*  6  X  36.5 


S.  B2Hg  Recovered 


a.  lbs.  B2Hg  liquid  in  lC~7A  &  B  (from  calibration  curve) 

b.  lbs.  B2Hg  vapor 

lbs.  B2Hg  liquid 


Volume  of  Vapor  Space 


13.3  - 


Density  in  lbs. /gal. 


lbs  B  H  vanor  -  _ 2.58  x  pressure  x  volume  vapor  space 

26  ^  Temperature  (“R)  x  Compressibility  Factor 

c.  Total  B2H6  ••  lbs.  B2Hg  liquid  +  lbs.  B2Hg  vapor. 


6.  Yields 

a.  Based  on  BCI3  make-up 

B^Hg  lbs.  B2H5  collected 

Tm 

b.  Based  on  hydrogen  make-up 


2  X  117.2 


lbs.  BCI3  added  to  system 
<■  T,  yield 


X  100 


B2H6  lbs.  B2H6  collected  ^  6  x  SCF/m  H2  ^  ^ 

27.7  Total  SCF  added 


c.  Based  on  total  BHCI2  produced 


®2“6 


lbs.  B2Hg  collected 
lbs.  BHCI2  produced  (as  B2Hg) 


X  100  >  T,  yield 
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Calculation  Work  Sheet  No.  1  (Sample) 
Step  I 

7.  Conversion  and  H2/BCI3  Ratio 
(Based  on  1E-2E  Analyses) 


Run  No .  7 


Date 

Time 

1E-2E 

Vnalvses 

7.  BCI3  + 
7.  BHCI2 

7.  BHCl?  X  100  “  Conv. 

H2/BCI3 

100  -  Total  «  Ratio 

7.  BCI3 

Total 

Total 

Total 

3/26 

■■ 

#1 

n 

No  S 

Assume  1 

07.  Conversion  (low  temp.) 

3/27 

0845 

20.4 

25.25 

19.2 

2.96 

0945 

23.2 

29.66 

21.8 

2.37 

1055 

34.2 

41.25 

17.1 

1.42 

1300 

28.7 

7.40 

36.1 

20.5 

1.77 

3/28 

0155 

37.1 

7.45 

44.55 

16.7 

1.7.4 

0205 

37. 6 

6.97 

44.57 

15.6 

1.24 

0610 

33.7 

6.86 

40.56 

16.9 

1.47 

3/29 

0300 

37.7 

3.98 

41.68 

9.5 

1.40 

0600 

39.1 

5.83 

44.93 

13.0 

1.23 

0910 

37.4 

5.08 

42.48 

12.0 

1.35 

3/30 

0130 

34.1 

7.6 

41.7 

18.2 

1.40 

0445 

33.4 

7.3 

41.2 

18.9 

1.43 

0640 

34.0 

7.14 

41.14 

17.4 

1.43 

3/31 

28.  6 

7.53 

36.1 

20.9 

1.77 

29.9 

6.77 

36.7 

18.4 

1.72 

1505 

30.4 

7.27 

37.7 

19.3 

1.65 

— i 

1.58  Over 

-all 

_ 
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Calculation  Work  Sheet  No.  3  (Sample) 
Step  I,  BHCI2  Recycled 
(Baaed  on  1C~5B  Analysis) 


Run  No.  7 


Date 

Time 

BCI3 
Mole  % 

BHCI2 
Mole  7, 

82.15  X 
Mole  t  BHCI2 

iiH 

Wt.  BCI3 
+ 

Wt.  BHCI2 

Wt.  X 
BHCI2 

3/26 

2000 

99.72 

0.28 

0.232 

116.9 

117.13 

0.2 

3/27 

0225 

99.63 

0.37 

0.306 

116.8 

117.11 

0.26 

1S3A 

99.66 

0.34 

0.281 

116.8 

117.08 

0.24 

17A0 

99.44 

0.56 

0.463 

116.5 

116.96 

0.40 

3/29 

0130 

99.04 

0.96 

0.794 

116.0 

116.74 

0.68 

0645 

99.58 

0.42 

0.348 

116.7 

117.05 

0.30 

3/30 

0305 

96.20 

3.8 

3.145 

112.7 

115.85 

2.71 

0950 

99.09 

0.91 

0.753 

116.1 

116.9 

0.64 

3/31 

0215 

98.4 

1.6 

1.324 

115.3 

116.6 

1.14 

1025 

97.96 

2.04 

1.688 

114.8 

116.5 

1.45 
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Calculstlon  Work  Sheet  No.  4  (Sample) 
Step  1,  HCl  Recovered  (as  B2Hg) 


Run  No.  7 


Date 

Time 

lC-9 

Level 

(In.) 

A  Press, 
(pslg) 

Temp. 

(•R) 

Vol. 

Vap^r 

lbs. 

HCl 

Vapor 

Total 

lbs. 

HCl 

HCl  (as 
lbs.  B2H6) 

3/26 

2100 

3.2 

0 

0 

456 

34.3 

0 

0 

0 

3/27 

0530 

10.8 

110 

42 

440 

32.6 

10.6 

121 

15 

1830 

22.2 

375 

49 

430 

28.4 

8.8 

384 

49 

3/28 

2050 

39.9 

790 

73 

429 

21.8 

12.6 

803 

102 

3/29 

0530 

46.8 

960 

82 

428 

19.1 

12.4 

972 

123 

2000 

59.0 

1240 

115 

430 

14.6 

13.3 

1253 

159 

3/30 

2100 

3.7* 

1790  +  0 

21 

428 

34.3 

5.7 

1796 

227 

3/31 

0530 

16.2 

1790  +  220 

43 

446 

30.8 

10.1 

2020 

256 

1330 

25.4 

1790  +  450 

59 

437 

27.1 

12.4 

2252 

285 

>tal  2395 

...I _ 

*HCl  in  1C*9  dumped. 
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Calculation  Work  Sheet  No.  5  (Sample) 
Step  I,  B2H6  Recovery 


Run  No.  7 


Date 

Time 

Storage 

Tank 

Level 

(in.) 

i 

Temp. 

(•R) 

s 

C 

Comprea- 

aibility 

Iba. 

®2“6 

Vapor 

Total 

lbs. 

B2H6 

(170 

paig) 

3/26 

2100 

1.5 

0 

0 

517 

13.3 

- 

0 

0 

3/27 

1.5 

0 

0 

515 

13.3 

0 

0 

12.6 

23 

-55 

428 

12.2 

0.84 

'4,8 

18.0 

3/28 

1320 

21.2 

55 

-52 

430 

10.8 

0.83 

-4.1 

51.0 

3/29 

0530 

31.8 

95 

-21 

418 

8.9 

0.81 

-1.4 

94.0 

1330 

38.6 

119 

-6 

419 

7.8 

0.79 

-0.4 

119.0 

3/30 

1415 

53.4 

173 

+84 

418 

5.4 

0.72 

2.3 

175.0 

2100 

56.6 

185 

+91 

421 

4.8 

0.70 

3.8 

189.0 

3/31 

0530 

57.6 

188.5 

+7 

418 

4.7 

0.78 

0.3 

189.0 

0330 

61.8 

205.5 

+29 

421 

3.9 

0.76 

0.9 

206.0 

0530 

37.0 

25.0 

-75 

376 

8.1 

0.88 

-4.7 

20.3 

2245 

47.0 

63.0 

+39 

397 

6.4 

0.77 

2.1 

64.0 

3/31 

0530 

209.3 

1130 

239.0 

2245 

273.0 
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Calculation  Work  Sheet  No.  6  (Sample) 
Step  If  BCI3  +  H2  Consumption 


Run  No.  7 


Start  4C-4A 

75" 

66*?. 

133 

gal.  X 

11.15 

1482.95 

4C-4B 

95" 

65*  F. 

170 

X 

11.2 

1904.0 

4C-4C 

89" 

55*F. 

159 

X 

11.25 

1788.75 

End  4C-4A 

27" 

59*F. 

42 

X 

11.2 

471.4 

4C-4B 

56" 

54*  F. 

97 

X 

11.2 

1076.4 

4C-4C 

37" 

55*F. 

62 

X 

11.17 

692.5 

2260.3 

Total  BCI3 

Consumed 

5175.7 

-  2260. 

1  -  2915.7  lbs. 

H2 


H2  Trailer 

670 

150 

pslg 

pslg 

65*F.  ■  66 

52*F.  .  16 

from 

chart 

50 

X  255  - 

12,750 

scf 

1710 

1160 

pslg 

pslg 

43*F.  -  174 

70*F.  -  114 

60 

X  170  - 

10,200 

scf 

Bank 

1600 

1300 

-  51 

-  52 

-  161.5 

-  132.1) 

29.5 

17.80  "  45  -  180.5 

1675  54  167.5 

(29.5+13,0)  X  203.6  =  8,650 
Total  H2  -  31,600  scf 

H2  Consumpt 1 on 

Known  H2  leak  through  stuffing  box  of  1K“1  ••  0.5  scf/m 

124.25  X  60  7455  minutes  »  J,  728  scf  H2  lost. 

31,100  -  3,728  =  27,872  scf  H2  consumed,  say  27,900  scf. 

scf  «•  1  ft. 3  at  1  atm.  +  70“F. 

Vol/lb.  mole  -  359  x^  -  386  scf/lb.  mole 
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Calculation  Work  Sheet  No.  7  (Sample) 
Step  I,  Yields 


Run  No.  7 


A. 

Based  on 

BCI3  Make-Up 

B2H6 

JL21  ^  2-x_iiZv2  ^  1 

27.7  2916 

- 

79.2 

HCl 

X  ^  X  100 

27.7  2916 

- 

88.6 

B. 

Based  on 

H2  Make-Up 

B2H6 

_m  ^  ^  100 

27.7  *  27,900  ^ 

- 

81.8 

HCl 

27.7  *  27,900  * 

n 

91.4 

C. 

Based  on 

Total  BHCI2  Produced 

B2H6 

273 

469.8  * 

■ 

58.1 

D. 

Based  on 

Net  BHCI2  Produced 

B2«6 

273  ,  ,nn 

62.5 

44I.6 
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APPENDIX  L 


Sampling  of  Step  I  Ltould  and  Gas  Streams 
Procedure  No.  S-10 

The  procedures  given  here  are  those  adhered  to  when  sampling  Step  I 
liquid  and  gas  streams.  They  must  be  followed  closely  If  good  samples 
are  Co  be  obtained.  These  streams  may  contain  any  or  all  of  Che  following 
compounds:  BCl^^  BHCI2,  HCl  and  B2Hg.  All  are  Injurious  Co  Che  human 
system  If  Inhaled  or  contacted  with  Che  skin.  In  addition^  ^2^6 
BHCI2  can  burn  or  explode  on  contact  with  air.  Therefore^  care  and  good 
judgment  must  be  exercised  In  handling  these  samples.  The  sampling  pro¬ 
cedure  must  be  followed  carefully  and  suitable  protective  clothing  must 
be  worn.  Protective  clothing  consists  of  coveralls,  rubber  shoes,  gloves, 
safety  glasses  and  hard  hats.  If  BCI3  or  HCl  fumes  are  present  In  the 
area  where  samples  are  Co  be  taken,  an  air  mask  must  be  worn.  If  B2Hg 
leaks  are  evident  In  Che  area,  notify  Che  plant  operators  Immediately 
and  retire  from  the  area  until  Che  difficulty  Is  overcome.  Do  not 
attempt  Co  sample  In  an  area  where  Che  odor  of  B2Hg  Is  present. 

Apparatus 


A.  Steel  cylinders,  10  cc.  vol,  with  double  valved  sub-chamber 
and  "Hl-Seal"  nut  on  end. 

B.  Steel  cylinders,  300  cc.  vol,,  single  valve  with  "Hl-Seal" 
nut  on  end. 

C.  IR  cells,  10  cm.,  metal  body  with  Imperial  "Hl-Seal"  nut. 

0.  IR  cells,  10  cm.,  glass  body  with  10/30  scd.  Caper  male 
ground  joint. 

Procedures 

A.  Procedure  for  Sampling  Step  I 
Llould  Streams  for  IR  Analysis 

1.  Take  special  10  cc.  cylinder  and  5/8"  wrench  Co  sample 
point  (Figure  L-1). 

2.  Attach  cylinder  Co  sample  point. 

3.  Blow  out  vacuum  hose  with  N2 . 

4.  Attach  vacuum  hose  Co  sample  point. 

5.  Turn  on  vacuum  at  station  and  check  gauge  to  be  sure 
vacuum  Is  available. 
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Procedure  No.  S-IQ  (cont.l 

6.  Check  Kerotest  valve  -  it  must  be  closed. 

7.  Open  both  1/4"  valves  on  sample  point. 

8.  Open  both  valves  on  sample  cylinders. 

9.  Evacuate  until  all  BCI3  is  removed  from  cylinder  and  sample 
point.  This  can  be  determined  by  holding  hand  on  sample 
point;  when  no  longer  cold,  the  BCl^  has  evaporated. 

10.  Close  1/4"  valve  to  vacuum  system. 

11.  Open  Kerotest  valve  about  one  turn. 

12.  Wait  15-20  seconds  and  close  Kerotest  valve. 

13.  Open  1/4"  valve  to  vacuum  system  and  evacuate  until  point 
ceases  to  be  cold. 

14.  Close  1/4"  valve  to  vccuum  system. 

15.  Open  Kerotest  valve  about  one  turn. 

16.  Wait  15-20  seconds  and  close  Kerotest  valve. 

17.  Close  top  valve  on  sample  cylinder  (one  nearest  cylinder  proper). 

18.  Open  1/4"  valve  to  vacuum  system  and  evacuate  until  BCl^ 
is  removed  from  point.  A  N2  purge  and  further  evacuation 
is  recommended. 

19.  Close  bottom  valve  on  sample  cylinder  (one  nearest  sample 
point) . 

20.  Open  top  valve  of  sample  cylinder.  This  provides  cylinder 
with  freeboard. 

21.  Close  1/4"  valve  to  vacuum  system. 

22.  Turn  off  vacuum  at  station. 

23.  Disconnect  vacuum  hose,  blow  out  with  N2  and  replace  on  rack. 

24.  Disconnect  cylinder  and  place  caps  on  sample  point. 

25.  Return  to  laboratory  and  attach  cylinder  in  an  inverted 
position  to  suitable  vacuum  rack. 

26.  Attach  glass-bodied  IR  cell  t;o  vacuum  rack. 
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Figure  L-1.  Step  I,  Liquid  Stream  Samoilr. 
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Procedure  No.  S-10  (cont.l 

27.  Attach  a  cold  trap  to  the  vacuum  rack.  This  can  be  a  50  ml. 
centrifuge  tube  Imaeraed  In  liquid  N2. 

28.  Pump  out  entire  system  thoroughly  and  check  for  leaks. 

29.  If  leak  free,  close  stopcock  to  cold  trap. 

30.  Close  stopcock  to  vacuum  pump. 

31.  Carefully  open  bottom  valve  of  cylinder  and  let  in  sample 
to  about  50  mm.  pressure. 

32.  Close  cylinder  valve. 

33.  Open  stopcock  to  cold  trap  and  freeze  down. 

34.  Pump  off  any  non~condensables  by  opening  stopcock  to  vacuum 
pump. 

35.  Close  stopcocks  to  pump  and  cold  trap. 

36.  Let  in  sample  to  desired  pressure.  The  pressure  used  will 
depend  upon  the  particular  sample,  but  will  generally  be 
from  50  to  150  mm. 

37.  Read  manometer  and  record  pressure  and  temperature  on  work 
sheet. 

38.  Close  stopcock  to  IR  cell. 

39.  Open  stopcock  to  cold  trap. 

40.  Pump  off  non-condensables  by  opening  stopcock  to  vacuum  pump. 

41.  Close  vacuum  rack  valve  adjacent  to  IR  cell. 

42.  Remove  IR  cell  from  vacuum  rack.  Sample  is  now  ready  for 
analysis  by  IR. 

B.  Procedure  for  Sampling  Step  I  Gas 

Streams  for  IR  Analysis 

1.  Take  300  cc.  steel  cylinder  and  5/8"  wrench  to  sample  point 
(Figure  L-2). 

2.  Attach  cylinder  to  sample  point. 

3.  Blow  out  vacuum  hose  with  N2. 
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Procedure  No.  S-10  (cont.l 

4.  Attach  vacuum  hose  to  sample  point. 

5.  Turn  on  vacuum  at  station  and  check  gauge  to  be  sure  vacuum 
is  available. 

6.  Check  Kerotest  valve  -  it  must  be  closed. 

7.  Open  Che  1/4"  valve  on  sample  point. 

8.  Open  valve  on  cylinder  and  evacuate. 

9.  Close  1/4"  valve  Co  vacuum  system. 

10.  Open  Kerotest  valve  carefully  and  let  in  about  10  lbs.  of 
sample  pressure. 

11.  Close  Kerotest  valve. 

12.  Open  1/4"  valve  to  vacuum  system  and  evacuate. 

13.  Repeat  Steps  9  through  12  three  more  times  to  insure  a  good 
sample. 

14.  Close  1/4"  valve  Co  vacuum  system. 

15.  Open  Kerotest  valve  carefully  and  let  in  about  10  lbs.  of 
sample  pressure. 

16.  Close  Kerotest  valve. 

17.  Open  valve  on  sample  cylinder. 

18.  Open  1/4"  valve  Co  vacuum  system.  A  N2  purge  and  further 
evacuation  is  recommended. 

19.  Close  1/4"  valves  on  sample  point. 

20.  Turn  off  vacuum  at  station. 

21.  Disconnect  hose,  blow  out  with  N2  and  return  Co  rack. 

22.  Disconnect  sample  cylinder  and  replace  caps  on  sample  point. 

23.  Return  Co  laboratory  and  attach  cylinder  Co  suitable  vacuum 
rack. 

24.  Attach  glass-bodied  IR  cell  Co  vacuum  rack. 
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Fitting  to  Sampling  Manifold 
or  Cylinder 

_jjJJ«^uick  Disconnect  to  Vacuum 
1/4"  Valves 


Process  Line 


Figure  L-2.  Step  I,  Gas  Stream  Sampling  Assembly 


Procedure  No.  S-10  (cont.l 

25.  Attach  a  cold  trap  to  the  vacuum  rack.  This  can  be  a  50  ml 
centrifuge  Cube  immersed  in  liquid  N2;. 

26.  Pump  out  entire  system  thoroughly  and  leak  check. 

27.  If  leak  free,  close  stopcock  to  cold  trap. 

28.  Close  stopcock  to  Che  vacuum  pump. 

29.  Carefully  open  cylinder  valves  and  let  in  sample  to  a  pres* 
sure  of  50  to  100  mm. 

30.  Close  cylinder  valve, 

31.  Open  stopcock  to  cold  trap  and  freeze  down  cc-ro’s;- 

32.  Open  valve  to  vacuum  pump  and  pump  off  non-condetisabies. 

33.  Close  Che  stopcocks  to  pump  and  cold  trap. 

34.  Let  in  sample  to  desired  pressure.  Generally  a  pressure  of 
about  30  to  80  mm.  is  used.  Pressure  used  will  vary  with 
Che  sample  point. 

35.  Read  manometer  and  record  pressure  and  temperature. 
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Procedure  No.  S-10  (cont.l 

36.  Close  stopcock  to  IR  cell. 

37.  Open  stopcock  to  cold  trap, 

38.  Pump  off  non-condensables. 

39.  Close  vacuum  rack  valve  adjacent  to  IR  cell. 

AO.  Remove  IR  cell  from  vacuum  rack.  Sample  is  now  ready  for 
IR  analysis. 

Cj _ Procedure  for  Sampling  Step  I  Reactor 

Effluent  aE°2B)  for  IR  Analysis 

1.  Take  10  cm.  metal-bodled  IR  cell  and  two  5/8"  wrenches  to 
sample  point  (Figure  L-3). 

2.  Attach  cell  to  sample  point. 

3.  Add  liquid  N2  to  trap  and  open  valve  on  vacuum  pump.  This 
point  luis  Its  own  vacuum  pump  and  trap  system  since  the  plant 
vacuum  cannot  always  be  relied  upon  to  pull  sufficient  vacuum 
for  a  100  mm.  sample.  This  trap  should  be  emptied  dally 
during  operation  by  attaching  to  plant  vacuum  and  removing 
from  liquid  N2S  other  end  of  tube  Is  clamped  off. 

A.  Open  1/A"  valve  on  sample  point. 

5.  Open  valve  on  IR  cell. 

6.  Pump  out  until  manometer  Is  level.  This  point  has  Its  own 
manometer  for  determining  sample  pressure. 

7.  Open  Kerotest  valve  to  vent  system  all  the  way.  If  gauge 
shows  pressure  increase  In  line  when  vent  Is  opened,  there 
Is  a  plug  In  the  vent  line  to  the  scrubber  and  engineers 
should  be  notified. 

8.  Turn  on  air  In  cooling  coll, 

9.  Open  sample  flow  valve  all  the  way.  The  line  gauge  should 
show  a  positive  pressure  of  about  A  lbs.  at  this  point. 

10.  Let  reactor  effluent  flow  through  vent  for  3  minutes. 

11.  While  effluent  is  flowing,  check  the  sample  point  and  IR  cell 
for  leaks  by  clcslng  sample  point  valve  leading  to  vacuum 
pump.  If  manometer  remains  flat  for  2  minutes  then  system 
should  be  leak  free. 
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Destruction  Header 
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bJ 


Process  Line 


-2'  Pipe-t^ 


Check  Valve 

Pressure  Indicator  — p  ^  o 

Air  Cooled  k  ^  i~|-i 

Condenser'^ 


Valves 


- ^ 

1/4"  Valve 


Control 

Orifice 


r 


Q.  D. 

“  Fitting 


femp.  Indicator 


Figure  L-3.  Step  I,  Reactor  Effluent  Sampling  Asseirb'y 
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Procedure  No.  >5-10  fcont.l 

12.  Open  valve  to  vacuum  pump  for  another  minute  as  a  precautionary 
measure.  It  Is  essential  that  there  be  no  air  leaks  Into  the 
system  since  even  the  slightest  air  leak  leads  to  a  loss  of 
BHCI2  values. 

13.  Close  valve  to  vacuum  pump. 

14.  Carefully  let  In  about  100  mm.  pressure  by  opening  KeroCest 
valve  leading  to  effluent  flow. 

15.  Close  Kerotest  valve  to  effluent  flow  and  pump  out  through 
cold  trap. 

16.  Repeat  this  purge  three  more  times. 

17.  Finally,  let  70  to  90  mm.  into  IR  cell,  read  pressure,  and 
close  cell  valve.  Also  record  temperature  at  sample  point. 

18.  Pump  remainder  of  sample  out  through  trap. 

19.  Close  valve  to  vacuum  pump  and  valve  on  top  of  vacuum  pump. 

20.  Turn  off  reactor  effluent  flow,  cooling  air  arid  vent  flow, 
in  that  order. 

21.  Disconnect  saiiq>le  cell  and  place  cap  on  sample  point. 

22.  Run  sample  on  IR  as  soon  as  possible. 

D.  Procedure  for  Sampllnii  Step  I  Gas 

Streams  for  Hydrolysis 


1.  See  Procedure  U  of  this  section  and  follow;  Steps  1  through  24. 

E.  Procedure  for  Sampling  Step  I  higuid 
Streams  for  Hydrolysis 

1.  See  Procedure  A  of  this  section  and  follow  Steps  1  through  25. 
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Analytical  Methods 

Determination  of  Total  (Non-Volatile)  Solids 
in  Boron  Trichloride 


Procedure  No.  C-10 

Method  Application 

This  method  applies  to  the  determination  of  non-volatile  materials 
which  may  accumulate  in  the  AFN  Step  I  liquid  process  streams. 

Kauipment  Required 

1.  Standard  double  valve^  10  ml.^  liquid  sample  cylinder. 

2.  Cone  bottom  tube^  50  ml.  graduations^  with  stopcock  and 

?  10/30  male  ground  Joint. 

3.  Suitable  vacuum  rack  assembly. 

4.  Liquid  transfer  assembly,  consisting  of: 

a.  Tubing  coupling,  1/4",  Imperial  "Hi-Seal, "  for  sample 
cylinder  attachment. 

b.  Three-way  valve,  with  free  passage  through  body  and 
needle  seat  90°  to  body  passage. 

c.  Bottom  connection,  consisting  of  and  terminating  in 
S  10/30  female  ground  joint,  for  attachment  of  cone 
bottom  tube. 

5.  Dewar  flasks  and  supply  of  liquid  N2. 

Procedure 

1.  Liquid  gas  transfer  equipment  set-up- 

a.  Three-way  valve  positioned  such  that  free  passage  is 
in  vertical  plane  and  needle  seat  outlet  in  horizontal 
plane. 

b.  Tubing  coupling  on  top  and  bottom  glass  connection 
facing  down. 

c.  Connect  needle  seat  outlet  to  vacuum  source  (vacuum 
rack  via  tubing). 

2.  Weigh  sample  cylinder  'full)  on  coarse  balance  to  two 

decimal  places.  Record  on  WoiV  Sheet  (D-1). 
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Trgcftdure  No.  C-10  (cont.l 

3.  Weigh  cone  bottom  tube  (clean,  dry  and  evacuated)  on  analytical 
balance  to  four  decimal  places.  Record  on  Work  Sheet  (D-1). 

4.  Fasten  cylinder  (in  inverted  position)  to  tubing  coupling 
on  top  of  liquid  gas  transfer  assembly. 

5.  Connect  cone  bottom  tube  (upright  vertical  position)  to 
ground  Joint  on  bottom  of  transfer  assembly. 

6.  Evacuate  assembly,  cone  tube  and  cylinder  manifold  (to 
primary  cylinder  valve)  through  assembly  needle  valve  seat. 

7.  Cool  cone  bottom  tube  in  liquid  N2  bath. 

8.  Close  assembly  needle  valve. 

9.  Open  cylinder  primary  valve  and  allow  contents  to  drain 
into  cone  bottom  tube  and  freeze. 

a.  Draining  should  be  done  carefully  and  slowly. 

b.  After  major  portion  drained,  allow  several  minutes  to 
completely  empty  cylinder  (primary  valve  wide  open). 

10.  Close  cylinder  valve  and  stopcock  on  cone  tube. 

11.  Evacuate  assembly  body  and  remove  cylinder. 

12.  Reweigh  empty  and  evacuated  cylinder  on  coarse  balance  to 
two  decimal  places. 

a.  Record  weight  on  Work  Sheet  (D-1)  and  calculate  weight 
of  liquid  transferred. 

13.  Remove  cone  tube  from  assembly  and  attach  to  appropriate 
place  on  vacuum  rack  for  distillation  of  volatile  components. 

a.  Carefully  distill  volatile  components  from  cone  tube  to 
another  tube  or  trap  for  disposal.  Avoid  bumping  or 
moderating  distillation  with  dry-ice  slush. 

b.  For  disposal  of  distillate,  see  Notes. 

c.  Finish  distillation  by  warming  tube  with  hot  water  until 
remaining  contents  appear  stationary. 

14.  Remove  cone  tube  from  vacuum  rack,  dry  well,  and  reweigh 
analytically  to  four  decimal  places. 
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Procedure  No.  C-10  (cont.l 

a.  Record  weight  on  Work  Sheet  (I>~1)  and  calculate  weight 
of  non-volatlle  solids. 

15.  Solids  In  tube  may  be  removed  and  saved  for  further  Investi¬ 
gation  by  solvent  or  aqueous  extraction  (acid  or  alkaline 
solution). 

Calculations 


Non-Volatiles  (X  wt.) 


Wt.  solids,  cone  tube _  ^ 

Wt.  liquid  gaS;  cylinder 


1.  Where  stream  samples  contain  dlborane  or  Jlchloroborane, 
extreme  care  must  be  taken  to  avoid  leaks  In  system  or 
any  contact  with  air  or  moisture.  Solvents  such  as 
acetone  are  also  to  be  avoided. 

2.  Distillation  must  be  performed  carefully  to  avoid  loss  of 
solids  by  entrainment. 

3.  Disposal  of  distillate  must  be  made  carefully  into  a  good 
water  aspirator  system.  Such  a  system  Is  available  In 
the  Decaborane  Compound. 

A.  In  cleaning  or  extracting  solids  from  cone  bottom  tube^ 
after  non-volatlle  analysis,  liquid  should  be  carefully 
drawn  into  tube  (excluding  air)  with  a  cooling  bath  avail¬ 
able  should  the  contents  react  violently. 


Care  In  this  operation  Is  Important  due  to  possible  residual  boranes. 
Use  safety  shield  for  personal  protection. 


Hydrolysis  of  Boron  Trichloride 


Procedure  No.  C-11 

Boron  trichloride  Is  hydrolyzed  tc  form  boric  acid  and  hydro¬ 
chloric  acid.  This  Is  the  first  step  in  the  determination  of  boron, 
chloride,  silicon,  and  chlorine  in  bcron  trichloride. 
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(cgntil 

Apparatus 

T 

1.  Cone  bottom  tube^  50  ml.  graduations,  with  stopcock  and  g 

10/30  male  ground  Joint. 

2.  Suitable  vacuum  rack  assenobly. 

3.  Liquid  gas  transfer  assembly  consisting  of: 

a.  Tubing  coupling,  1/4",  Imperial  "Hi-Seal, "  for  sample 
cylinder  attachment. 

b.  Three-way  valves  with  free  passage  through  body  and 
needle  seat  90°  to  body  passage. 

c.  Bottom  connection,  consisting  of  and  terminating  In 
J  10/30  female  ground  joint,  for  attachment  of  cone 
bottom  tube. 

4.  Dewar  flasks. 


Reagents 

1.  Distilled  water. 

2.  Liquid  N2. 

Procedure 

1.  Obtain  sample  as  per  Sampling  Procedure  No.  S-10  (K) . 

2.  Clean,  evacuate  and  weigh  centrifuge  tube. 

3.  Weigh  to  four  decimal  places  using  analytical  balance. 

4.  Attach  centrifuge  tube  to  vacuum  system  and  chill  tube  In 
liquid  N2. 

5.  Transfer  about  5  ml.  of  sample  to  the  tube  using  the  gas 
liquid  transfer  assembly. 

6.  Slowly  warm  sample  until  It  Is  slightly  below  room 
temperature. 

7.  Quickly  weigh  sample. 

8.  Freeze  sample  In  liquid  N2. 
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Procedure  No.  C-11  (coat.) 

9.  Add  about  20  ml.  of  distilled  water  very  slowly;  too  raoid 
addition  of  water  may  lead  to  loss  of  material.  Use  a  § 
10/30  outer  Joint. 

10.  Remove  from  liquid  N2  and  place  in  beaker  of  ice  water. 

11.  When  hydrolysis  seems  to  be  complete,  remove  from  ice  water 
and  allow  to  warm  to  room  temperature. 

12.  Dilute  hydrolysed  mixture  to  250  ml.  volume  with  distilled 
water.  If  large  saiiq>les  are  used,  it  may  be  necessary  to 
add  NaOH  to  get  the  boric  acid  into  solution. 

13.  Sample  is  now  ready  for  colorimetric  and  chemical  analyses. 


Determination  of  Silicon  in  Boron  Trichloride 
Procedure  No.  C-12 

Silicon  is  determined  in  boron  trichloride  by  colorimetry  using 
the  silico-molybdic  acid  method. 

Apparatus 


1.  Beckman  Hodel  "B"  Spectrophotometer. 

2.  Color  cells,  glass,  1  cm.  light  path. 

3.  Volumetric  flasks,  100  ml.,  and  other  standard  laboratory 
items. 


Reanents 

1.  Hydrochloric  acid.  Reagent,  1:1  volume  dilution. 

2.  Amoionium  hydroxide.  Reagent,  28X  (15  M). 

3.  Acetic  acid.  Reagent,  glacial. 

4.  2,4-dinitrophenol  indicator,  prepared  as  follows: 

a.  Dissolve  100  gms.  ansnonium  molybdate.  Reagent  crystal, 
in  400  ml.  of  distilled  water  and  80  ml.  of  15  M 
ammonium  hydroxide.  Filter  if  necessary  and  store  in 
plastic  bottle  labelled  Solution  1. 
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Procedure  No,  C-12  fcont.l 

b.  Mix  400  ml.  of  16  M  nitric  acid  (conc.)^  Reagent^  and  600 
ml.  of  distilled  water.  Store  in  plastic  bottle  and  label 
S.9ltftl9n  2» 

c.  To  prepare  reagent  solution  for  use  in  silicon  analysis, 
mix  one  volume  of  Solution  1  carefully  into  two  volumes  of 
Solution  2.  The  mixed  solution  is  good  for  a  day  or  two; 
hence,  it  should  be  prepared  in  small  quantities  and 
stored  in  plastic. 

Procedure 

1.  Pipette  a  25  ml.  aliquot  of  the  hydrolyzed  BCI3  sample,  from 
the  250  ml.  solution,  and  place  in  a  100  ml.  volumetric  flask. 

2.  Dilute  to  approximately  50  ml. 

3.  Prepare  a  separate  100  ml.  volumetric  flask  for  a  blank. 

a.  Add  all  of  the  reagents  used  in  the  sample  flask,  particularly 
the  aomonium  hydroxide,  in  the  same  volumes  or  quantities. 

4.  Add  1  ml.  of  2,4-dinitrophenol  indicator. 

5.  Add  concentrated  ammonium  hydroxide  dropwise,  while  swirling, 
until  the  solution  assumes  a  yellow  color. 

6.  Wash  down  the  neck  of  the  flask  with  distilled  water  and  add 
1:1  HCl  dropwise  until  the  yellow  color  Just  disappears. 

7.  Add  1  ml.  of  glacial  acetic  acid  and  5  ml.  of  the  prepared 
aomonium  n»lybdate  solution. 

8.  Dilute  to  mark  volume  and  mix  thoroughly. 

9.  After  15  minutes,  read  absorbancy  of  the  solution  on  the 
spectrophotometer,  at  420  millimicrons,  with  the  reagent  blank 
set  at  zero  absorbancy. 

10.  Convert  the  absorbance  reading  to  the  silicon  concentration 
(ppm)  by  using  one  of  the  following  formulae: 
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Procedure  No.  C-12  (cont.) 


Calculatlone 

Silicon  (ppm) 


25Q  X  IQO/allquot  (ml.)  x  Si  in  color  soln.  (ppm) 
Sample  weight  (gms.) 


or 


250  X  lQO/25  X  K  X  A 
Sample  weight  (gms.) 


A  -  kc  K  1/k 

C  «  KA 

K  =  C/A  »  20.15  (from  curve) 

Silicon  (ppm)  *  26,300  x  _  - 7 — - r 

’  Sample  wt.  (gms.) 


Determination  of  Chlorine  in  Boron  Trichloride 
Procedure  No.  C-13 

Chlorine  is  determined  in  boron  trichloride  by  colorimetry  using 
o-tolidine  as  indicator. 

Apparatys 

1.  Beckman  Model  B  Spectrophotometer. 

2.  Two  100  ml.  volumetric  flasks. 

3.  25  ml.  pipette,  2  ml.  pipette. 

Reagents 


O-tolidine  solution  (0.744  g/1),  distilled  water,  1:1  hydro¬ 
chloric  acid. 
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Procedure  No.  C-13  Ccont.) 

Procedure 

1.  PlpeCCe  a  25  ml.  aliquot  of  Che  hydrolyzed  sample  of  boron 
trichloride  into  a  100  ml.  volumetric  flask. 

2.  Dilute  Co  40  ml.  with  distilled  water. 

3.  Add  40  ml.  of  1:1  hydrochloric  acid. 

4.  In  a  separate  100  ml.  volumetric  flask,  prepare  a  blank  by 
adding  40  ml.  of  1:1  hydrochloric  acid  Co  40  ml.  of  dis¬ 
tilled  water. 

5.  Add  2.0  ml.  of  o-Colidine  reagent  Co  each  flask. 

6.  Dilute  both  Che  sample  and  blank  Co  Che  mark  with  distilled 
water  and  mix  well. 

7.  Allow  solutions  to  stand  for  nine  minutes  for  color  development. 

8.  Using  a  wavelength  setting  of  438  millimicrons  on  the  Beckman 
Model  B  Spectrophotometer,  place  the  blank  in  Che  light  path. 

9.  Adjust  Che  absorbance  reading  Co  zero  (%  T  >  100). 

10.  Place  sample  in  light  path  and  read  absorbance. 

11.  Determine  concentration  of  chlorine  in  Che  color  solution  by 
referring  Co  calibration  curve. 

12.  Calculate  concentration  of  chlorine  in  original  sample  as 
follows: 


Cone,  of  chlorine  (ppm)  >  1000  x 


gl  in  99i9g  .goijai-Cppml 
Wt.  of  Sanq>le 


or 


Cone,  of  chlorine  (ppm)  * 


Sample  dilution  ^  IQQ- C°U.)  x  Cl  in  color  soln.  (ppm) 

_ ^250  ml) _ aliquot  (ml.) _ 

Weight  of  sample  (gms.) 
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Analvals  of  Boron  Trichloride  -  Wet  Methods 
Procedure  No.  C-1& 

General 

The  weighed^  hydrolyzed,  and  diluted  sample  of  boron  trichloride 
is  analyzed  for  boron  and  chloride  content  by  alkali  and  silver  nitrate 
titrations,  respectively,  of  aliquot  portions  of  the  diluted  solution 
(250  ml). 


From  the  total  boron,  chloride,  and  original  weight  of  BCI3 
(prior  to  hydrolysis),  the  per  cent  (wt.)  of  BCl^,  the  chloride  to 
boron  ratio  (Cl/B),  and  the  per  cent  (wt.)  of  free  hydrogen  chloride 
(HCl)  can  be  calculated. 

A.  Total  Boron  Analysis 

Reagents 

Standard  sodium  hydroxide  solution,  0.1  N 
Standard  acid  solution,  0.1  N 
Mannitol,  powder,  A.R. 

Distilled  water 

Apparatus 

pH  meter 
Pipettes 
Burettes 
Mannitol  scoop 

Titration  vessel  (400-600  ml.  beaker) 

Magnetic  stirrer  and  bar 

Procedure 


1.  Pipette  a  25  ml.  aliquot  of  diluted  solution  (250  ml.) 
into  a  400-600  ml.  beaker  and  add  distilled  water  to 

a  volume  of  about  200  ml. 

2.  Place  beaker  in  titration  position  and  insert  pH 
electrodes  and  stirrer  bar. 

3.  Adjust  pH  with  acid  or  alkali  to  a  pH  of  6.0. 

4.  Add  one  scoop  of  mannitol  (ca.  5  gms.)  to  the  stirred 
solution, 

5.  Titrate  with  standard  sodium  hydroxide  solution  (0.1  M) 
to  a  pH  of  8,0.  The  volume  of  alkali  is  used  in  the 
calibration  of  total  boron. 
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Xgg£tdiir,f,Hg«,  CwnttA 

6.  A  blenk  determlnetlon  ehould  be  mede  without  the  solution 
eliquot,  and  the  last  alkali  volume  corrected  by  subtrac¬ 
ting  blank  alkali  volume. 

Total  Boron  (gms.)  ■  (nl.  NaOH  soln. ) (N) (0. 1082) 


B.  Total  Chloride  Analvels  (Volhardt  Method^ 

RflAtntt 

Standard  silver  nitrate  solution,  0.1  H 
Potassium  thiocyanate  solution,  0.1  H 
Nitrobenzene,  A.R. 

Ferric  alum  solptlon  (ca.  5X) 

Nitric  acid,  A.R.,  concentrated 
Distilled  water 

Burettes 

Pipettes 

Brlenmeyer  flasks,  250  ml. 


1.  Pipette  a  25  ml.  aliquot  of  diluted  solution  (250  ml.) 
Into  a  250  ml.  volumetric  flask  and  bring  to  volume. 

From  this  pipette  a  25  ml.  aliquot  Into  a  500  ml. 
Brlenmeyer  flask. 

2.  Add  ca.  50  ml.  of  distilled  water,  5  ml.  concentrated 
nitric  add,  and  50.0  ml.  of  standard  silver  nitrate 
solution  (0.1  H). 

3.  Agitate  solution  by  swirling  and  add  2  ml.  nitrobenzene 
and  2  ml.  ferric  alum  solution.  Swirl  until  precipitate 
Is  wetted  with  nitrobenzene. 

4.  Backtltrate  with  potassium  thiocyanate  solution  (0.1  ^) 
until  the  appearance  of  the  first  persistent  red  color 
(ca.  30  sec.  persistency) . 

5.  A  blank  determination  should  be  made  without  the  solution 
aliquot  and  the  silver  solution  volume  corrected. 
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Procedure  No,  C-14  Ccont.l 
Calculations 

Total  chloride  (gms.) 


[(ml.  AgN03)(W)  -  (ml.  KCNS)  (N)]|  (3.546) 
Volume  aliquot  (ml.) 


ApfllYtltal  Patfl  via  ggltuktipn 

n  ^  ,  .  .  ,  .  ^  S  (gros.  total  boronV(10.82)(100) 

Boron, Txich.loj^ide:  BCI3  (%  wt.)  -  BCI3  hydrolyzed  (gms.) 


-  f 0.3054) (gat,  ma^  thlprida) 

Ct/B;  Ratio  Cl/B  -  j 

Hvdroeen  Chloride; 

1.  Total  chloride  (gms.)  in  sample. 

2.  Chloride  (gms.)  as  BCI3  -  (9.822) (total  boron,  gms.). 

3.  Chloride  (gms.)  as  HCl,  Item  1  -  Item  2. 

HCl  (gms.)  -  (1.028) (Item  3). 


HCl  (I  wt.) 


fgms.  HClUlOOl 
Wt.  BCI3  (gms.) 


Vacuum- Hydrolysis  Analysis  of  AFN  Step  I  Streams 
Procedure  No.  C-15 
General 

The  vacuum-hydrolysis  apparatus  presents  a  means  of  analyzing  AFN 
Step  I  stream  samples,  in  gas  or  liquid  form,  for  the  following  chemical 
components:  non-condensable  vapors  (H2,  materials  having  vapor  pressure  at 
liquid  N2  temperature,  -195*’C);  boron  trichloride,  dichloroborane  and 
diborane  (by  IR  analysis);  dichloroborane  or  diborane  (by  hydrolysis  followed 
by  measurement  of  evolved  H2);  boron  trichloride  and  hydrogen  chloride  (by 
wet  boron  and  chloride  analysis  after  correction  for  boron  and  chloride 
equivalents  of  other  borane  components). 


L-22 

CONFIDENTIAL 


CONFIDENTIAL 

ASD-TDR-62-1025 
Volume  III  of  V 
June  1962 


Procedure  No.  C-15  ^cont.l 
Bouloment 


A.  The  fixed  or  stationary  components  of  the  vacuunrhydrolysls 
apparatus  are: 

1.  A  high  vacuum  manifold  (see  Figure  L-4)  with  following 
attachments: 

a.  Mechanical  vacuum  pump  (Cenco  HYVAC-7  or  equal). 

b.  Mercury  diffusion  pump  and  heater  (Delmar  DS-7050). 

c.  Concentric  type  glass  vapor  trap  and  Isolation 

stopcocks. 

d.  N2  drying  column  (P205)>  bottom  valve  and  top  stopcock. 

e.  Single  scale  McLeod  gauge  (Delmar  DS-7090). 

f.  Glass  tubing  lines  and  stopcocks  to  volume  systems. 

2.  A  coarse  vacuum  manifold  with  following  attachments; 

a.  Mechanical  vacuum  pump  (Cenco  HYVAC-7  or  equal). 

b.  Trap  assembly  for  waste  sample  collection: 

(1)  Metal  turning  filled  trap  (ca.  500  ml.  capacity). 

(2)  Concentric  type  trap  for  waste  removal. 

(3)  Chemical  traps  (SIO2  gel)  for  pump  protection. 

c.  Mercury  manometer  ("U"  type,  0-760  mm.  Hg.). 

d.  Glass  tubing  lines  and  stopcocks  to  volume  systems. 

3.  Two  glass  analytical  systems,  each  consisting  of; 

a.  Sample  Introduction  point  (common  to  both  systems). 

b.  Calibrated  sample  volume  (SV-1  or  SV-2). 

(1)  Mercury  manometer  ("U"  type,  0-760  mm.  Hg.). 

(2)  Thermometer  (®C)  for  sample  temperature. 

(3)  Stopcocks  and  connections  for  IR  gas  samples. 

(4)  Stopcock  and  glass  tubing  to  gas  condensation 

system. 

c.  Gas  condensing  system  consisting  of; 

(1)  Glass  spiral  condensation  trap. 

(2)  Mercury  manometer  ("U"  type,  0-760  mm.  Hg.). 

(3)  Manifold  with  stopcocks  for  connection  of 

gas  hydrolysis  flasks. 

(4)  Stopcock  and  glass  tubing  to  Toepler  pump. 

d.  Automatic  Toepler  Pump  (Delmar- Urry  DS-7030- 100), 

1000  cc.,  piston  stroke. 

(1)  Relay  control  box  (Delmar  DS-7031). 

(2)  Vacuum  line,  solenoid  valve  and  gas  ballast  tank. 

(3)  Mechanical  vacuum  pump  (Cenco  HYVAC-7  or  equal). 

(4)  Stopcock  and  glass  tubing  to  gas  measuring  system. 
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Procedure  No.  C-15  fcont.! 

e.  Gas  measuring  system^  consisting  of: 

(1)  Three  calibrated  glass  volumes  interconnected  for 
four  volume  combinations  (Volumes  HV-l^  HV~2  and 
HV-3,  or  HV-4,  HV-5  and  HV-6). 

(2)  Mercury  manometer  ("U"  type,  0"760  mm.  Hg.)  call" 
brated  for  mercury  displacement  in  left  arm. 

(3)  Thermometers  (‘C)  for  gas  temperature. 

4.  Utility  services  to  vacuum-hydrolysis  apparatus: 

a.  Electricity,  120  v.,  A.C.,  60  cycles,  outlets  on  ends 
of  support  rack. 

b.  Vacuum  line,  water  aspirator,  for  operation  of  McLeod 
gauge. 

c.  N2  line  to  drying  column  and  opposite  end  of  support 
rack. 

d.  Oxygen  line  to  each  end  of  support  rack. 

e.  Cooling  water  line  and  return  for  Mercury  diffusion 
pump. 

B.  The  mobile  or  non- stationary  components  of  the  vacuum-hydrolysis 
apparatus  cire: 

1.  Sample  collection  cylinders  or  bombs  (see  Sampling  Techniques, 
Step  I) . 

2.  Infrared  gas  cells,  10  cm.  gas  path. 

3.  Cone  bottom  tubes,  ca.  50  ml.  graduated  capacity. 

4.  Hydrolysis  flasks,  tube  bottom,  ca.  1100  ml.  capacity, 
ground  Joint  and  stopcock  on  top. 

Equipment  Applications 

The  vacuum-hydrolysis  apparatus  can  be  used  to  analyze  liquid  and 
gaseous  Step  I  stream  samples  for  the  following  components: 

1.  Boron  trichloride,  liquid,  for; 

a.  Phosgene  and  carbon  tetrachloride,  infrared. 

b.  Chlorine  and  silicon  tetrachloride,  hydrolysis- 
colorimetric. 

c.  Boron,  chloride,  BCI3  and  HCl,  hydrolysis-wet  methods. 

2.  Process  stream  samples,  liquid  and  gas,  for: 
a.  BCI3,  BHCI2,  and  B2Hg,  infrared. 
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Figure  L-4.  Vacuum-Hydrolysis  Apparatus 
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b.  BHCI2  or  B2Hg,  hydrolysis- hydrogen  evolution. 

c.  Non-condensable  gas  (H2)j  pressure  measurement. 

d.  BCI3  and  HCl,  hydrolysis-wet  methods. 

3.  Reactor  feed  gas  for: 

a.  Molar  ratio  of  non-condenaable  to  condensable. 

Pressure  measurements. 

4.  Other  process  samples  involving: 

a.  Vacuum  manipulations  and  volume  transfers. 

b.  Gas  freeze-outs  and  hydrolysis. 

c.  Pressure  measurements. 

d.  Partial  sample  removal  and  adjustment  for  IR  analysis. 

e.  Mole  content  measurement  by  use  of  calibrated  volumes. 

Generalized  Procedure 

This  procedure  outline  is  intended  to  give  a  working  description 
of  the  types  of  operations  that  this  apparatus  will  handle.  It  does  not 
describe  the  turning  of  each  stopcock  nor  does  it  eliminate  the  need  for 
thought  and  alertness  on  the  part  of  the  operator. 

1.  Evacuate  all  parts  of  the  system,  by  means  of  the  fine  (high) 
vacuum  manifold,  to  aa  low  a  pressure  as  can  be  reaaonablv 
obtained. 

2.  Close  all  stopcocks  and  watch  manometers  for  signs  of  leakage. 
Correct  situation  (Shift  Chemist)  if  necessary. 

3.  Attach  sample  cylinder  or  bomb  to  the  centrally  located 
sample  manifold  and  evacuate  to  the  primary  cylinder 

va Ive . 

a.  Invert  cylinders  containing  liquid  samples  auch  that 
only  the  liquid  phase  ia  sampled. 

b.  Gaseous  samples  may  be  taken  into  the  system  from 
upright  cylinder. 

4.  Attach  other  sampling  devices  to  appropriate  position  in 
system  and  evacuate. 

a.  IR  cell  to  lower  connection  of  sample  volume  (SV-1,2). 

b.  Cone  bottom  tube  or  hydrolyais  flask  to  position  on 

the  manifold  in  the  gas  condensing  portion  o£  the  system. 

When  tube  or  flask  contains  water  or  any  other  volatile 
material  it  must  be  frozen,  at  the  temperature  of  liquid 
nitrogen  (“195®C),  before  evacuating.  £0  not  allow 
water  ^  water  vapor  t^  enter  the  system. 
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Procedure  No.  C~15  (cont.^ 

5.  Close  all  stopcocks  not  necessary  for  introduction  of 
sample  into  volume  (SV-1  or  SV-2). 

6.  Introduce  sample  into  sample  measuring  volume  (SV°1  or  SV-2). 

a.  Adjust  pressure  to  that  satisfactory  for  IR  sample  and 
then  close  stopcocks  connecting  IR  cell  to  volume. 

Record  pressure  on  Work  Sheets  (A)  or  (F). 

b.  Raise  sample  pressure  in  volume  to  that  satisfactory 
for  other  determinations. 

(1)  For  samples  containing  principally  BCI3,  do  not 
exceed  ca.  370  mm.  He. 

(2)  For  B2Hg  samples  do  not  exceed  100  mn.  Hg. 


7.  Close  stopcock  connecting  sample  measuring  volume  and  sample 

introduction  manifold.  Close  cylinder  valve,  if  not  closed 
previously. 

8.  Measure  pressure  and  temperature  of  sample  volume  and  record 
on  Work  Sheets  (E)  or  (I). 

Close  stopcock  leading  to  manometer;  tubing  connected  is 
not  part  of  calibrated  volume. 

9.  Immerse  spiral  gas  condensing  trap  in  liquid  N2  and  slowly 
open  trap  to  gas  contents  of  sample  volume. 

Better  gas  collection  is  obtained  if  only  the  bulb  of  the 
trap  is  cooled  and  then  the  liquid  N2  level  raised  after 
the  major  part  of  condensation  has  taken  place. 

10.  The  pressure  remaining  in  the  sample  volume  and  gas  condensing 
system^  as  measured  by  the  gas  condensing  system  manometer^ 

is  due  to  non-condensable  gases  (H2  and  perhaps  some  N2). 

These  are  then  pumped  into  the  gas  measuring  system  by  means 
of  the  Toepler  pump. 

Contents  of  spiral  trap  must  be  frozen  well;  do  not  permit 
any  material  condensable  at  liquid  nitrogen  temperature 
(“igS’Cl  to  enter  the  Toepler  pump. 

11.  Carefully  open  stopcocks  to  Toepler  pump  and  start  automatic 
operation  of  pump.  If  a  high  non-condensable  pressure  exists 
on  gas  condensing  side  of  Toepler  pump,  the  mercury  seal 
discharge  valve  of  the  pump  will  be  violently  opened  and  may 
be  damaged.  Gas  flow  can  be  controlled  by  use  of  the  stop¬ 
cock  downstream  from  the  spii'al  trap. 
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Procedure  No.  C-15  (cont.l 

12.  The  first  calibrated  gas  measuring  volume  that  the  pump 

discharges  Into  Is  HV-1  or  HV-4. 

a.  The  maximum  discharge  pressure  that  the  pump  will  operate 
at  la  ca.  200  mg.  Hg.  If  this  pressure  Is  reached  before 
the  gas  condensing  manometer  shows  no  pressure,  open  the 
next  gas  measuring  volume  (HV-3  or  HV-6). 

b.  If  more  volume  Is  needed,  HV-2  or  HV-S  are  available. 

c.  Operator  must  exercise  Judgment  In  selection  of  gas 
measuring  volume  combinations  based  on  gas  laws  and 
knowledge  of  Initial  pressure  on  gas  condensing  side 
of  pump. 

13.  When  pressure  In  gas  condensing  system  Is  zero,  stop  Toepler 

pump  on  down  stroke  and  close  stopcock  on  suction  side. 

a.  Measure  pressure  and  temperature  of  gas  measuring  system 
and  record  on  Work  Sheets  (E)  or  (I). 

b.  Record  the  volumes  used  (cc.)  on  Work  Sheets  (E)  or  (I) 
and  Include  volume  due  to  displacement  of  mercury  in 
left  arm  of  manometer. 

c.  Calculate  mole  per  cent  non-condensables.  Work  Sheets 
(E)  and  (H). 

14.  Close  stopcock  connecting  sample  volume  (SV-1  or  SV-2). 

15.  Transfer  condensables  frozen  in  spiral  trap  to: 

a.  Cone  bottom  tube,  in  liquid  N2  bath,  for  BCI3  analysis. 
Work  Sheets  (B)  and  (C). 

b.  Hydrolysis  flask,  containing  25  ml.  of  0.1  N  NaOH  solu¬ 
tion  frozen  In  liquid  N2  bath,  for  BHCI2  analysis  by  H2 
evolution  and  for  wet  analysis.  Work  Sheets  (G)  and  (H). 

16.  Remove  tube  or  flask  from  system  and  process  as  follows: 

a.  Process  cone  bottom  tube  containing  BCI3  as  described 
In  procedure  for  analysis  of  BCI3.  Weight  of  BCI2 
obtained  from  special  case  formula.  Work  Sheet  (E). 

b.  Hydrolysis  flask  is  allowed  to  warm  to  room  temperature 

and  stand  for  a  period  of  time;  to  be  determined  by 
experience.  If  IR  analysis  showed  that  the  sample  con¬ 
tained  no  ^2^6  with  BHCI2,  the  flask  can  be 

returned  to  the  vacuum  system  for  determination  of  BHCI2 
content  by  H2  evolution.  See  Work  Sheet  (G). 

If  sample  contains  both  B2H5  and  BHCI2,  the  IR  analytical 
values.  Work  Sheet  (F),  sre  used  to  calculate  boron  and 
chloride  equivalent  values  for  these  components.  See 
Work  Sheet  (G). 
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Procedure  No.  C-15  (cont.l 

17.  OeCerminaClon  of  BHCI2  by  H2  evolution. 

a.  Hydrolysis  flask  Is  returned  to  connection  on  gas  con¬ 
densing  system  and  the  volume  between  stopcocks 
evacuated. 

b.  The  hydrolyzed  solution  Is  refrozen  with  liquid  N2  and 
the  flask  examined  for  droplets  of  solution.  If  these 
are  present,  time  must  be  taken  to  allow  them  to  migrate 
to  frozen  zone.  Warming  spot  with  hand  helps. 

c.  Flask  Is  opened  to  gas  condensing  system  and  Toepler  pump 
started. 

d.  Gas  Is  pumped  Into  gas  measuring  system,  as  previously 
described,  until  gas  condensing  system  manometer  shows 
zero  pressure. 

e.  Toepler  pump  Is  stopped  on  down  stroke  and  connecting 
stopcocks  closed. 

f.  The  pressure,  temperature  and  volumes  of  gas  collected  In 
gas  measuring  system  are  recorded  on  Work  Sheet  (G), 
Including  displacement  of  manometer. 

g.  Calculate  mole  per  cent  BHCI2,  Work  Sheet  (G). 

18.  Wet  analysis  of  hydrolyzed  sample  In  hydrolysis  flask. 

a.  Remove  hydrolysis  flask  and  contents  from  vacuum  system. 

b.  Allow  solution  to  thaw  and  return  to  room  temperature. 

c.  Remove  cap  from  flask  and  quantitatively  transfer  solution 
to  250  ml.  volumetric  flask.  Dilute  to  volume  with  dis¬ 
tilled  water.  Aliquot  portions  of  solution  to  be  analyzed 
for  boron  and  chloride  values;  see  Work  Sheet  (H) . 

d.  Dry  lower  part  of  hydrolysis  flask  In  oven  In  preparation 
for  next  use. 

19.  Preparation  of  vacuum- hydrolysis  apparatus  for  next  use: 

a.  Evacuate  contents  of  gas  measuring  system  Into  coarse 
vscuum  manifold,  by-passing  waste  sample  trap  assembly. 
Finish  evacuation  of  gas  measuring  system  using  high 
vacuum  manifold. 

b.  Remove  remains  of  sample  from  sample  Introduction  mani¬ 
fold,  tubing  connections  and  sample  volume  (SV-1  or  SV-2) 
manometer  by  use  of  coarse  vacuum  manifold  and  waste 
sample  trap.  Finish  evacuation  of  systems  using  high 
vacuum  manifold. 

c.  Evacuate  entire  vacuum  assembly  to  best  vacuum  obtainable 
with  high  vacuum  manifold. 
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Procedure  No.  C-15  (cont.) 

Operational  Notes  and  Precautions 

1.  Provlalons  are  made  for  Introduction  of  dry  nitrogen  Into  the 
high  vacuum  manifold  at  the  head  of  the  concentric  type  trap.  Nitrogen  Is 
dried  by  passing  over  P2O5  In  a  drying  column. 

2.  Extreme  care  must  be  taken  to  prevent  BCI3  or  boranes  from 
entering  the  vacuum  pumps.  BCI3  reacts  rapidly  with  pump  oil  to  produce 
HCl  and  sludge.  Pump  oil  (with  exception  of  pump  servicing  Toepler  mani¬ 
fold)  must  be  changed  at  least  once  a  week  (sooner  If  fumes  are  detected 
at  pump  vent).  Pump  oil  levels  should  be  checked  once  a  day. 

3.  Instructions  In  operation  and  care  of  the  Toepler  pumps  and 
McLeod  gauge  will  be  given  by  supervisor. 

Adjustments  In  apparatus  should  be  made  only  bv  shift  chemist 
and  only  If  situation  warrants  a  change. 

4.  Waste  sample  trap  should  be  maintained  at  dry  Ice-acetone 
bath  temperature  (-78‘C)  and  contents  emptied  on  day  shift. 

5.  Apparatus  glassware  and  operating  platform  should  be  kept 
as  clean  and  clear  as  possible. 


6.  Water  flow  to  mercury  diffusion  pump  must  be  on  at  all  times 
that  pump  Is  In  operation. 

7.  Only  Kel-F  No.  90  grease  Is  to  be  used  as  a  lubricant  for 
stopcocks  and  ground  Joints. 


8.  In  the  event  of  breakage  to  a  part  of  the  system^  every  effort 
should  be  made  to  Isolate  the  broken  area  to  prevent  damage  to  other  parts 
of  the  system. 

System  Volumes  and  Calibration  Data 


1. 

Sample  volume,  SV-1 

-  1066.6 

2. 

Sample  volume,  SV-2 

-  1035.2 

3. 

Gas  measuring  volume. 

HV-1 

B 

4. 

Gas  measuring  volume. 

HV-2 

m 

5. 

Gas  measuring  volume. 

HV-3 

m 

6. 

Gas  measuring  volume. 

HV-4 

m 

7. 

Gas  measuring  volume, 

HV-5 

m 

8. 

Gas  measuring  volume. 

HV-6 

m 

9. 

Mercury  manometer  displacement 

cc. 

cc. 

108  cc. 

2690  cc. 

1091  cc. 

93.3  cc. 

2695  cc. 

1026  cc. 

(left  arm)  “0.5  cc.  per  cm.  Hg. 
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Determination  of  HCl  In  B9Hft  Product  Streams 
bv  Modified  Vacuum  Hydrolysis 

Procedure  No.  C-16 

This  procedure  Is  considerably  faster  than  the  standard  vacuum  hydrolysis 
(Procedure  No.  C~15)  but  It  Is  lacking  In  that  percentage  non- condensables 
cannot  be  determined.  It  Is  used  primarily  for  analyzing  B2Hg  product 
samples  for  HCl  content. 

Apptirfltva 

1.  High  vacuum  manifold  with  manometer. 

2.  Mechanical  vacuum  pump  (Cenco  HYVAC-7  or  equal). 

3.  Mercury  diffusion  pump  and  heater. 

4.  Hydrolysis  flasks,  tube  bottom,  ground  Joint  and  stopcock 
on  top.  Known  volume  (ca.  1100  ml.). 

5.  Cone  bottom  tubes,  ca.  50  ml.  graduated  capacity. 

6.  IR  gas  cells,  10  cm.  gas  path. 

7.  Thermometer  located  on  vacuum  rack. 

Reagents 

1.  Isopropyl  alcohol.  Reagent  grade. 

2.  Sodium  hydroxide,  approximately  0.1  N. 

3.  Silver  nitrate,  standard  solution,  approximately  0.1  N. 

4.  Potassium  thiocyanate,  standard  solution,  approximately  0.1 

5.  Nitrobenzene,  Reagent  grade. 

6.  Ferric  alum  Indicator,  10%  solution. 

7.  Nitric  acid,  concentrated,  A-R. 

Procedure 

1.  Obtain  sample.  Follow  Step  I  Sampling  Procedure  No.  S-10  (D). 

2.  Attach  IR  gas  cell  to  vacuum  rack. 

3.  Attach  hydrolysis  flask  to  vacuum  rack. 
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Procedure  C-16  (cont.l 

4.  Attach  cone  bottom  tube  to  vacuum  rack. 

5.  Pump  out  entire  system  thoroughly. 

6.  Check  for  leaks  by  closing  stopcock  to  vacuum  pump  and  waiting 
3  minutes.  The  manometer  should  not  change.  If  a  leak  Is 
detected,  do  not  proceed  until  It  Is  located  and  corrected. 

7.  Immerse  cone  bottom  tube  In  liquid  N2. 

8.  Close  stopcocks  to  vacuum  pump,  cold  trap  and  hydrolysis 
bulb. 

9.  Open  sample  cylinder  valve  and  slowly  let  about  30*40  mm. 

B2Hg  into  IR  cell. 

10.  Close  sample  cylinder  valve. 

11.  Open  stopcock  to  cold  trap. 

12.  When  manometer  ceases  to  move,  open  stopcock  to  vacuum  pump 
and  evacuate  non*condensables. 

13.  Open  stopcock  to  hydrolysis  flask. 

14.  Close  stopcock  to  cold  trap. 

15.  Close  stopcock  to  vacuum  pump. 

16.  Open  sample  cylinder  valve  slowly  and  let  about  40  mm. 
pressure  Into  IR  cell  and  hydrolysis  flask. 

17.  Close  sample  cylinder  valve  and  read  pressure  exactly. 

18.  Record  pressure  on  Work  Sheet  (F). 

19.  Close  IR  cell  stopcock. 

20.  Open  sample  cylinder  valve  and  let  sample  Into  hydrolysis 
flask  to  a  pressure  of  about  100  mm. 

21.  Close  sample  cylinder  valve. 

22.  Read  pressure  and  temperature  and  record  on  Work  Sheet  (E~l). 

23.  Close  stopcock  to  hydrolysis  flask. 

24.  Open  stopcock  to  cold  trap  and  freeze  down  sample  remaining 
In  lines. 

25.  Run  IR  on  sample  as  per  Procedure  No.  IR-10.  (page  L-36). 
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Procedure  No.  C-16  ^cont.) 

26.  Take  hydrolysis  flask  from  rack  and  place  tube  bottom  in 
liquid  N2. 

T 

27.  Slide  ground  glass  3  14/35  outer  Joint  over  standard  taper 
stopcock. 

28.  Add  about  25  ml.  of  a  50~50  mixture  of  Reagent  grade 
isopropyl  alcohol  and  0. 1  li  NaOH  to  the  outer  Joint. 

29.  Open  stopcock  to  hydrolysis  flask  slightly  and  allow 
reagent  to  trickle  in  until  reagent  level  in  outer  Joint 
is  Just  above  stopcock. 

30.  Close  stopcock  and  add  another  25  ml. 


31.  Again  open  stopcock  slightly  and  allow  reagent  to  trickle 
in  until  level  is  again  Just  above  stopcock. 

32.  Close  stopcock. 

33.  Remove  hydrolysis  flask  from  liquid  N2  and  place  in  rack. 

34.  Finish  IR  analysis  while  hydrolysis  flask  is  warming  up. 

35.  When  hydrolysis  flask  has  reached  room  temperature,  swirl 
contents  until  all  signs  of  gas  evolution  cease. 

36.  Quantitatively  transfer  contents  to  a  500  ml.  Erlenmeyer 
flask. 

37.  Add  about  5  ml.  of  cone.  HNO3. 

38.  Add  AgNO^  in  excess  with  swirling. 

39.  Add  about  5  ml.  of  nitrobenzene. 

40.  Add  about  5  drops  of  ferric  alum  indicator. 

41.  Swirl  about  one  minute. 

42.  Add  KCNS  to  the  first  persistent  light  brown  color.  The 
color  should  last  about  30  seconds. 

43.  Record  milliliters  AgN03  and  KCNS  used,  and  normalities  on 
Work  Sheet  (E-1). 

44.  Calculate  mole  per  cent  HCl  using  Work  Sheet  (E-1). 
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Start-Up.  Operation  and  Shutdown  Procedures  for  Beckman  IR-4 
Procedure  No.  I-3Q 

_ Instrument  Start-Up 

li _ Main  Power 

a.  Verify  that  main  power  switch  Is  "on". 

b.  Verify  that  glower  Is  operating  by  observation  of  glower 
current  meter  or  visual  check.  If  flower  Is  not  on, 
turn  operation  selector  switch  to  "start"  until  meter 
gives  a  reading.  If  glower  will  not  start,  have  glower 
or  glower  heater  replaced. 

2.  Rotating  Mirrors 

a.  Turn  glower;  adjust  control  clockwise  to  start  rotating 
mirrors. 

b.  Adjust  glower  current  to  0.6  amp. 

3.  Drift  Check 

a.  Turn  operation  selector  switch  to  "DB". 

b.  Set  slit  program  on  "Std". 

c.  Set  gain  at  6  per  cent. 

d.  Set  period  switch  to  2. 

e.  Block  sample  and  reference  beam  paths  with  opaque 
shutters  and  position  pen  at  mid-scale. 

f.  If  recorder  pen  drifts  appreciably,  adjust  balance 
control  until  It  ceases  to  drift. 

B.  Double  Beam  Operation 

1.  Set  gain  at  1.5 

2.  Set  slit  program  at  2  X  std. 

3.  Set  scanning  speed  at  one  micron  per  minute. 

4.  Set  trimmer  comb  control  so  pen  reads  about  100%  with 
nothing  In  either  light  path. 

5.  With  wavelength  drive  disconnect  disengaged,  set  wavelength 
to  desired  value  (usually  15 /u). 

6.  Place  sample  cell  In  Instrument  holder. 

7.  Engage  wavelength  drive  disconnect. 

8.  Push  start  button. 

9.  Scan  sample  over  desired  wavelength  region  (usually  entire 
range  of  1-15 yu). 

C.  Instrument  Shutdown 

1.  Turn  operation  selector  switch  to  "SB". 

2.  Turn  coarse  gain  to  "1". 
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frogedure  Wo.  I-3Q  (cont.l 

3.  Turn  fine  gain  to  0.00. 

A.  Turn  period  control  switch  to  "32". 

5.  When  pen  has  returned  to  base  line,  turn  glower  adjust 
counterclockwise  to  shut  off  rotating  mirrors. 

6.  Place  pen  In  pen  storage  box. 

7.  Cover  Instrument  with  plastic  cover. 


Infrared  Determination  of  Boron  Trichloride.  Dlchloroborane.  Dlborane 
Phosgene  and  Carbon  Tetrachloride  In  Step  I  and  Step  IV  Streams 

Procedure  No.  IR-10 

This  method  Is  based  on  the  absorption  of  Infrared  energy  by  the 
compounds  being  determined. 

Apparatus 

Beckman  IR-4  Infrared  Spectrophotometer  and  10  cm.  IR  gas  cells. 
Procedure 

1.  See  IR-A  Start-Up  Procedure  No.  1-30  (A). 

2.  See  Step  I  Sampling  Procedure  No.  S-10. 

3.  Place  sample  cell  In  IR-A  sample  holder. 

A.  Write  date,  time,  sample  number,  sample  point,  and  mm. 
pressure  on  chart. 

5.  With  wavelength  and  pen  both  set  at  15  microns,  press  scan 
button  and  scan  at  one  micron  per  minute. 

6.  When  scan  Is  completed,  raise  pen  from  paper  and  tear  off 
chart  with  tear  bar. 

7.  Place  chart  on  large  clip  board  for  calculations. 

8.  For  each  peak  used,  draw  a  straight  line  across  the  base  of 
the  peak  and  a  vertical  line  through  the  peak  so  that  It 
Intersects  the  base  line. 

In 

9.  Calculate  absorbance  from  A  >  log  where  Ig  Is  the  X 

transmittance  of  the  base  line  where  It  Intersects  the 
vertical  line  and  Ip  Is  X  transmittance  of  the  peak. 
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Procedure  No.  lR-10  (cont.l 

10.  Calculate  mole  %  from  mole  %  ■  JUttpM  where  K  is  a  con- 
scant  dependent  upon  wavelength  and  component  being 
analyzed.  A  is  absorbance  and  P  is  pressure  of  mm.  of 
mercury.  See  Work  Sheets  (A)  and  (F)  for  K  values. 

11.  Dispose  of  sample  by  freezing  down  into  a  cold  trap  and 
then  running  through  a  water  aspirator. 

12.  Replace  IR  cell  in  desiccator  for  storage. 


Infrared  Determination  of  Hydrogen  Chloride  in  Boron  Trichloride 
Procedure  Ho.  IR-11 

This  method  can  be  applied  to  determining  approximate  HCl  values 
in  Step  I  liquid  and  gas  streams.  The  two  HCl  peaks  at  3.38  and  3.55 
microns  are  quite  weak  and  results  are  not  Coo  accurate,  especially  for 
small  concentrations. 

Apparatus 

Beckman  IR-4  Infrared  Spectrophotometer 

10  cm.  IR  gas  cells 

Procedure 

1.  See  IR”4  Start-Up  Procedure  No.  1-30  (A). 

2.  See  Step  I  Sampling  Procedure  No.  S-10.  Instead  of  Che  usual 
50-100  ml.  sample  pressure,  200-400  mm.  is  introduced  into 
Che  IR  cell. 

3.  Place  sample  cell  in  IR-4  sample  holder. 

4.  Write  date,  time,  sample  number,  sample  point,  and  mm.  pres¬ 
sure  on  chart. 

5.  With  wavelength  and  pen  both  set  at  15  microns,  press  scan 
button  and  scan  at  one  micron  per  minute. 

6.  When  scan  is  completed,  raise  pen  from  paper  and  tear  off 
chart  with  tear  bar. 

7.  Place  chart  on  large  clipboard  for  calculation. 
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Procedure  No.  IR-11  (cont.'i 


8.  Draw  a  straight  line  across  the  base  of  the  peak  and  a 
vertical  line  through  the  peak  so  that  It  Intersects 
the  base  line. 


In 

Calculate  absorbance  from  A  ■  log  where  Ig  Is  the  X  trans¬ 
mittance  of  the  base  line  where  It  Intersects  the  vertical 
line  and  Ip  Is  the  X  transmittance  of  the  peak. 


10.  Calculate  mole  X  from  mole  X  ■  „here  K  Is  a  con¬ 

stant  dependent  upon  wavelength  and  component  being 
analyzed^  A  Is  absorbance  and  P  Is  pressure  In  nm.  of  mercury. 
See  Work  Sheet  (F-1)  for  K  values. 


11.  Dispose  of  sample  by  freezing  down  Into  a  cold  trap  and  then 
running  through  a  water  aspirator. 

12c  Replace  IR  cell  In  desiccator  for  storage. 


Determination  of  Boron.  Chloride^  NaTO 
and  pH  of  Scrubber  Samples 


Procedure  No.  MC-JO 

This  procedure  applies  to  samples  taken  from  the  plant  scrubber  or 
any  other  similar  samples. 

Apparatus 

pH  meter 

Magnetic  stirrer  with  stirring  bars 
Burettes  and  standard  glassware 

Reagents 


1.  Nitric  acld^  cone.,  A.R. 

2.  Sodium  hydroxide,  std,  soln.,  approximately  0.1  N. 

3.  Silver  nitrate,  std.  soln.,  approximately  0.1  N. 

4.  Potassium  thiocyanate,  std.  soln.,  approximately  0.1  N. 

5.  Mannitol,  reagent  grade. 
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6.  Nitrobenzene^  reagent  grade. 

7.  Ferric  alum  indicator^  lOZ 

8.  Sulfuric  acld^  std.  soln.^  approximately  0.1  N. 

Ai _ Procedure  for  Determining  Grama  Per  Liter  Boron 

1.  Check  pH  meter  daily  against  standard  solution  and  adjust 
if  necessary. 

2.  Pipette  a  suitable  aliquot  (usually  about  10-25  ml.)  into  a 
400  ml.  beaker. 

3.  Add  about  200  ml.  distilled  water. 

4.  Using  a  pH  meter,  adjust  pH  to  6.0  with  NaOH  and/or  H2S0^ 
contained  in  burettes  near  pH  meter.  Agitation  is  by 
magnetic  stirrer. 

5.  Add  about  10  grams  of  mannitol. 

6.  When  dissolved,  titrate  with  std.  NaOH  to  a  pH  of  8.0. 

7.  Add  about  one  gram  more  of  mannitol.  If  no  appreciable  change 
in  pH  occurs,  titration  is  complete. 


8.  Record  ml.  NaOH  on  Work  Sheet  (0)  and  calculate  g/1  boron. 

rml.  NaOHHNl (10.83) 

(ml.  sample) 


Boron  (g/1) 

B.  Procedure  for  Determining  Grams  Per  Liter  Chloride 


1.  Pipette  a  suitable  aliquot  (usually  1-2  ml.)  into  a  500  ml. 
Erlenmeyer  flask. 


2.  Add  about  100  ml.  distilled  water. 

3.  Add  about  5  ml.  concentrated  HNO3. 

4.  Add  AgNO^  until  precipitation  of  AgCl  seems  complete  and  then 
add  5-10  ml.  excess. 

5.  Add  about  5  ml.  of  nitrobenzene. 

6.  Add  about  10  drops  of  ferric  alum  indicator. 

7.  Swirl  until  AgCl  is  well  coated  with  nitrobenzene. 
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Procedure  MC-30  (cont.l 

8.  Add  KCNS  until  first  persistent  light  brown  color  is  achieved. 
Contents  of  flask  must  be  swirled  vigorously  during  KCNS 
titration. 

9.  Record  ml.  of  AgN03  and  KCNS  used  on  Work  Sheet  (D)  and  cal¬ 
culate  g/1  chloride. 

Chloride  (g/1)  -  AgN(^)(N)-(ml.  KCNS)(N)]  (35.46) 

(ml.  sample) 

C.  Procedure  for  Determining  Grams  Per  Liter  NaOH 

1.  Pipette  a  10  ml.  aliquot  into  a  400  ml.  beaker. 

2.  Add  about  150  ml.  distilled  water. 

3.  Using  a  pH  meter  and  magnetic  stirrer,  titrate  with  standard 
H2SO4  to  a  pH  of  7.0. 

4.  Record  ml.  H2S0^  used  on  Work  Sheet  (D)  and  calculate  g/1  NaOH. 


NaOH  (g/1) 


(ml.  H2S04)(N)(40.0) 
Sample  Vol.  (ml.) 


D.  Procedure  for  Determining  dH  of  Solution 

1.  After  boron,  chloride  and  NaOH  values  have  been  obtained,  pour 
remainder  of  sample  into  a  400  ml.  beaker. 

2.  Immerse  pH  meter  electrodes  to  a  depth  of  about  3/4  inch  in 
the  solution. 

3.  Swirl  contents  of  beaker  gently  about  10  seconds. 

4.  Depress  “read"  button  and  continue  swirling. 

5.  Read  and  record  pH  value  on  Work  Sheet  (D). 


Note:  The  pH  meter  should  be  checked  at  least  once  a  day 

against  a  standard  solution  and  adjusted  if  necessary. 
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WORK  SHEET  (A) 

Analysis  of  Boron  Trichloride 


Date:  _  ' 

Sample  Designation: _ 

Infrared  Analysis: 

Sample  Pressure: 

Manometer  (R Ight ) : 
Manometer  (Left)  : 


Sample  N0:_ 


_cm 

_cm 

cm  X  10  ■ 


Temperature  (t):_ 


jnm  Hg 


Analysis. 

Pho scene: 

K 

Wavelength 

11.77 

3.22 

5.42 

7.19 

Absorbance 

Mole  %  m 

K  X  A 

X  100 

-  log 


Sample  Pressure  (mm  Ilg)  - 

Analysis.  Carbon  Tetrachloride: 

K  ■  1.60  Wavelength  (^): 


microns 


12.56 


Absorbance  (A)  ■  log  _S  »  log 

Ip 


Mole  7.  -  K  X  A  X  100 _ 

Sample  Pressure  (mm  Hg) 


microns 


Remarks 


WORK  SHEET  (B) 

ANALYSIS  OF  BORON  TRICHLORIDE 


Date: _ Time: _ Sample  No: _ 

Sample  Designation:^ _ _ _ 

Sample  Preparation: 

Wt.  sample  tube  +  BCI3 _ g.  Volume  BCI3  at  -78*C _ ml. 

Wt.  sample  tube  (tare) _ g. 

Wt.  BCI3  g.  * 

Hydrolyze  BCI3,  wash  solution  from  tube  and  dilute  to  250  ml.  This  is  solution 
for  wet  and  colorimetric  analyses. 

Colrlmetric  Analysis: 

Silicon; 

Wave  length  (  )  :  420  millimicrons 

Silicon  (ppm)  ■  26 . 300  Absorbance 

Wt.  BCI3  * 

*26,30® _ ■ 


Chlor ine: 


Wave  length  (  )  :  438  millimicrons 

Use  abeorbance  value  to  obtain  chlorine  concentration  (ppm)  in  color  developed 
solution  from  curve. 

Chlorine  (ppm)  =  1000  (CI2  in  color  soln.  (ppm) 

Wt.  BCI3  * 

=  1000  _ - _ 


Remarks : 


Analyst  (s) 


WORK  SHEET  (C) 

Analysts  of  Boron  Trichloride 


Date: _  Time: _  Sample  No. _ 

Sample  Designation: _ _ _ 

Sample  Preparation; 

See  work  sheet  (b)  for  weight  of  BCI3  in  250  ml.  solution.  All  analyses 
on  this  sheet  are  made  on  aliquot  portions  of  this  solution. 


Wet  Analyses 


Boron 

Boron  (g.) 


(ml.  NaOH  soln.)(N) (2.707) 
volume  aliquot  (ml.) 


(2.707) 


** 


Chloride  r  1 

- ^Chloride  (g.)  «  f(ml.  ARN03)(N)-(ml.  KCNS)(N)J  (8.865) 

Volume  aliquot  (ml.) 


(8.865)  - 


BCI3 

BCI3  (%)  -  (g.  Boron  **)(10.82)(100) 
Wt.  BCI3* 


(1082  “ 


Ratio  Cl/B 

Ratio  Cl/B  -  (0.3054)(k.  Chloride)  -  (0.3054) _ 

(g.  Boron  **) 

Hydrogen  Chloride 

1  Chloride  (g)  in  sample  _ 

2  Chloride  (g)  as  BCI3  (9.822)(g.  Boron)  _ 

3  Chloride  (g)  as  HCl  1  -  2  ■  _ 

HCl  (g.)  ■  (1.028)(  3  )  ■  _ 

HCl  (7.)  -  (a- HCl) (100)  .  (100)  - 

Wt.BClB*  - ^ - 

Remarks _ 


Analyst(s) 


WORK  SHEET  (D) 


Analysis  of  Mtacellaneoug  System  Samples 

Date; _  Time: _  Sample  No.; 

Sample  Designation: _ 

General  Analyses: 

Iron  (Colorimetric); 

Wavelength  (  )  *  510  millimicrons  K  «  0.508 

Iron  (mg/100  ml)  •»  0.508  (Absorbance)  ••  _______ 

Iron  (gpl)  "  K  X  A _  ■  _ 

Aliquot  (ml.) 

Boron  (Titration); 

Boron  (gpl)  “  (ml.  Na0H)(N) (10.83)  ■  _ 

Sample  Vol.  (ml.) 

pH  (solution)  •  _ 

Chloride  (Titration); 

Chloride  (gpl)  -  Rml  AgN03)(N)  -  (ml  KSCN)(N)7  (35.46) 

~  Sample  Vol.  (mT) 


NaOH  (Titration); 

NaOH  (gpl)  -  (ml  H^SO^.)  (N)  (40. 0)  - 

Sample  Vol.  (ml) 

Other  Analyses  (Show  Calculations); 


» 


Remarks; 


Analy8t(s) : 


WORK  SHEET  (D-1) 


Determination  of  Total  Won-Volatlle  Solids  tn  Boron  Trichloride 


Date;  Time:  _  Sample  No: 

Sample  Designation: 


Wt.  of  Sample  Cylinder  +  Sample  ...  ■  _ g 

Wt.  of  Sample  Cylinder  after  Transfer  ■  _ g 

Wt.  of  Sample .  ■  gffl 

Wt.  of  Cone  Bottom  Tube  +  Solids  .  .  ■  g 

Wt.  of  Cone  Bottom  Tube  Empty  ....  »  g 

Wt.  of  Solids .  -  _ g(2) 


Wt.  1  Solids  -  ©  100  - 


WORK  SHEET  (E) 

Vacuum  -  Hydrolysis  Analysis  -  Step  I 


Date:  _  Time: _ _ _  Sample  No: 

Sample  Designation: _ 


Infrared  Analysts: 

Use  Work  Sheet  (F),  Boron  Trichloride  Stream  Analysis  -  Step  I 


Sample  Preparation: 

Manometer  (right): 
Monometer  (left): 

A 


cm 

cm 

cm  X  10 


Temperature  (t): 


jnm  Hg 


“C 


Special 

Case: 


For  samples  containing  only  BCI3  and  using  volume  SV-1: 

Wt.  BCl,  (g.)  -  1.988  (mm  Hg)  - _ . _ * 

t  CC)  +  273.2 


Moles  of  sample 


V(mm  Hg/760) 
(82.06)(t'‘C  +  273.2) 


Noncondensable  Analysis:  Temperature  (t):  _ *C 

Manometer  (right):  _ ^cm 

Manometer  (left):  _ ^cm 

^ _ cm  X  10  ■  mm  Hg 

Manometer  displatement  (left):  _ ^cm  x  0.5  ■  _ cc 

Volume  total:  _ + _ + _ + _ ^ _ cc 


Moles  noncondensable  ■  - V(mm  Hg/760 j -  * 

(82.06)(t'C  +  273.2)  - 

Mole  (%)  noncondensable  -  Moles  noncondensable  x  100  - 

Moles  of  Sample 


Remarks: 


Analyst(s) : 


WORK  SHEET  (E-1] 


Determination  of  HCl  in 


BpHa  Product  Streams  by  Vacuum  Hydrolysis 


Sample  No. 


Sample  Designation:, 


Volume  of  Hydrolysis  Bulb  ■■  _  ml(,V) 

Sample  pressure  ■  _ mm(^  Temp.  “  _ “C  +  273.2  ■■  °K  Q) 

Moles  of  Sample  -Y82!o6)  (?)  "  -  "  - ® 

Sample  is  run  on  IR  for  BHCI2.  BCI3  and  B2H8  (Work  Sheet  "F") 

Chloride  (g)  due  to  BHCI2  -Q  (mole  7.  BHCI2)*  (70.92)  -  _ @ 

Chloride  (g)  due  to  BCI3  -(l)(mole  7.  BCI3)*  (106.38)  -  _ Q) 

*  Values  obtained  by  IR  (Work  Sheet  F)  and  expressed  as  decimal  equivalents. 


Wet  Analysis  for  Total  Chloride: 


ml  AgN03  used 


ml  KSCN  used 


ml  @  Normality  AgN03 
ml  ®  Normality  KSCN 


Chloride  (g)  if®®  •  ®®]  (0.03546) 


Mole  7:  HCl 


(2.819^ 


Remarks : 


WORK  SHEET  (P) 

Boron  Trichloride  Stream  Analysis  ■  Step  I 


Date: 

Time; 

Sample 

No: 

Sample 

DeslKnatlon: 

Infrared  Analysis; 

Sample  Pressure; 

Manometer 

(Bight): 

era. 

Manometer 

(j’eti)  : _ 

_ _  ^  c.a. 

Temperature  Correction; 

cm.  X  10  » 

mm  Hg  (Pj^) 

Pl 

-  Tl  X  Pp 

Tp 

T  »  “K  -  t  “C  +  273.2 

P  =  plant 

L  =  laboratory 

Boron  Trichloride: 

X, 

K 

Wavelength 

(X)  - 

microns 

5.22 

10.06 

444 

4.37 

Absorbance 

(A)  =  log  Iw  “  log 

■ 

Mole  (7.)  » 

^P 

K  X  A  X  100  “ 

■ 

Dlchloroborane 

X 

K 

Wavelength 

( X)  » 

microns 

9.12 

7.46 

Absorbance 

(A)  «  log  Ig  »  log 

. 

Mole  (7.)  - 

K  X  A  X  100 

- 

Pl 

Dlborane 

X 

K 

Wavelength 

( X)  =• 

_  microns 

5.32 

6.23 

160 

12.9 

Absorbance 

(A)  =  log  Ig  -  log  _ 

s 

8.48 

39.8 

Ip 

Mole  (%)  = 

K  X  A  X  100  = 

m 

Pl 

~ 

Wt.  X  BjO,  in  BCI3 

K 

Absorbance 

(A)  =  log  Ig  =  log 

a 

7.22 

43.7 

Wt.  7.  B2O3 

Ip 

in  BCli  =  (K)(A) 

(BCI3  Pressure) 

Remarks: 


Analysts; 


WORK  SHEET  (F-1^ 


Infrared  Determination  of  Hydrogen  Chloride 


Sample  No. 


Sample  Designation:, 


Sample  Pressure 


Temperature  (t)_ 


Manometer  (Right 
Manometer  (Left) 


Pressure 


mm  (Hg) 


Analysis  of  Hydrogen  Chloride 


Js _ 


3.38  1663 


Wavelength  (^)  3.  38 


Absorbance  (A)  ■  log  ^  ■  log 


Mole  J.  HCl  -  K  X  A  X  100_  . 

Sample  Press. 


Enter  results  on  Work  Sheet  (H)  and  indicate  IR  analysis 


Remarks 


WORK  SHEET  CG) 


Vacuum-Hydrolysls  Analysts  -  Step  I 


Date: 


Sample  Designation: 


Condensable  Analysis: 


Sample  No.:_ 


Moles  of  sample  (Work  Sheet  ''E")  ••  _ 

Dichloroborane  by  hydrolysis  and  hydrogen  evolution: 


Manometer  (Right): 
Manometer  (Left): 


Temperature  (t): 


cm.  X  10  - 


jnm.  Hg 


Manometer  displacement  (Left): 


cm.  X  0.5 


Volume  total*  _ +  _ +  _ H 

Moles  H2  *  BHCI2  -  V  [°7gQ^] 

(82.06)(t  +  27371) 


Mole  1  BHCl,  -  Holes  H2  „  , 

® - - 

Wt.  BHCI2  (g.)  -  Moles  BHCI2  X  82.76  -  _ 

Chloride  (g.)  due  to  BHCI2  ■  Wt.  BHCI2  x  0.857  ■  _ 

Boron  (g.)  due  to  BHCI2  ■  Wt.  BHCI2  x  0.131  ■  _ 

Corrections  for  the  presence  of  Diborane: 

If  Infrared  analysis  (Work  Sheet  "F")  shows  the  presence  of  diborane, 
the  following  calculations  must  be  used  to  obtain  the  boron  and  chloride  equiv¬ 
alents  of  BHCI2  and  B2H5. 

Boron  (g.)  due  to  BHCI2  -(I)  (Mole  X  BHCL2) (0. 1083  -  _ @ 

Chloride  (g.)  due  to  BHCI2  »  (D  (Mole  X  BHCl2)(0.7092)  -  _ @ 

Boron  (g.)  due  to  B2He  .  ®  (Mole  X  B2H6)(0.2166)  -  0 

Remarks : _ 


Analyst(s) 


©  © 


WORK  SHEET  (H) 

Vacuum-Hydrolysis  Analysis  -  Step  I 


Date:  _  Time: _  Sample  No. :  _ 

Condensable  Analysis  Continued: 

Moles  of  sample  (Work  Sheet  "E")  ■  _  1 

Wet  Analyses;  Total  Boron  and  Chloride  Values: 

Solution  In  Hydrolysis  flask  diluted  to  230  ml. 

All  wet  analyses  made  on  aliquot  portions  of  this  solution. 

Boron  (g.)  -  (ml.  NaOH) (N) (2.707 )  -  _  -  _  5 

Aliquot  (ml.) 

Chloride  (g.)  llml.AgNOjXN)  -  (ml .KCNS)(N)J  (8.865)  -  _ _ 

Aliquot  (ml.) 

Calculations: 

See  alternate  values  (Work  Sheet  "G")  when  both  BHC12  and  B2H6,  are 
present  In  the  same  sample 

Mole  1  BCI3  -  (d)  or  g  )  -  (9.240)  .  _ .  _ 

Chloride  (g.)  due  to  BCI3  -  [(D  -  (@  or  (g)  )  -0j  (9.823^-  _ 0 

Mole  7.  HCl  -  ((3)  or 

Mole  Z  non-condensables  (Work  Sheet  "E") 

Mole  Z  Dlborane  (Work  Sheet  "F") 

Mole  7.  Dlchloroborane  (Work  Sheets  "F"  or  "G")  ( _ ) 

Mole  7.  (other  components.  Work  Sheet  "D")  ( _ ) 

Mole  7.  HCl  (by  IR  Analysis,  Work  Sheet  "F-1") 

Mole  Z  Total 


Remarks : _ 

Analyst (3) 


WORK  SHEET  (I) 

Analysis  of  Reactor  Feed  Gases  -  Step  I 


Dace; 


Time: 


Sample  No. 


Sample  Designation: _ 

Infrared  Analysis; 

Use  Work  SheeC  (F),  BCI3  Scream  Analysis  -  Step  I 
Vacuum  Analysis: 

Sample  Volume  (SV-1  or  SV-2)  ••  _ 


Manometer  (Right): 
Manometer  (Left): 


Moles  of  Sample  «  X_ 


.r™°  Hfi  1 

L  760  J 


_cm.  Temperature  (t):_ 
_cm. 

cm.  X  10  “  _ 


(82.06)(t  +  273.2) 
Noncondensables  (as  Hydrogen): 


mm.  Hg. 


-© 


Manometer  (Right): 
Manometer  (left): 


_cm.  Temperature  (t);_ 
_cm. 

cm  X  10  ■  _ 


Manometer  displacement  (Left): 
Volume  total :  _ +  _ + 


cm.  X  C.5  ■ 


mm.  Hg. 


cc. 


cc. 


Moles  noncondensable 


V 

S  a 

mm.HK. 

^  760  . 

(82.06)(t  +  273.2) 

Condensables  (as  Boron  Trichloride); 

Moles  condensable  ■  _ 

Molar  Ratio: 


Hydrogen/Boron  Trichloride 


© 


Wet  Analyses: 

For  wet  analysis  of  condensables  use  Work  Sheet  (H) 
Remarks:  _ 


Analyst(s) 
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